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Art Unit: 1614 
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TECH CENTER 1600/2900 



Commissioner for Patents 
P.O.Box 1450 
Alexandria, V A 22313-1450 

RESPONSE TO OFFICE ACTION 
This is in response to the Office Action dated March 1 8, 2003. The original period of 
response to the Office Action is a shortened statutory period of one (1) month from the mailing 
date of the Office Action. Extensions of time are available under 37 C.F.R. '§1. 36(a) for up to six 
months from March 1 8, 2003. This response is timely if filed on or before September 1 8, 2003, 
in accordance with 37 CFR §1.10. If there are any additional fees due in connection with the 
filing of this response, please charge these additional fees (or credit any overpayment) associated 
with this communication to our Deposit Account No. 1 3-001 9. Applicant respectfully requests 
reconsideration and allowance of the pending cl aims. 
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REMARKS 

I. Status of the Application 

Claims 42-70 are pending in the application. Applicant respectfully requests entry and 
consideration of the remarks, which are intended to place this case in condition for allowance. 
This response and the attached exhibits have been marked "Proprietary" and are being submitted, 
pursuant to M.P.E.P. § 724.02, in a sealed, clearly labeled, envelope marked ""PROPRIETARY 
MATERIAL NOT OPEN TO PUBLIC. TO BE OPENED ONLY BY EXAMINER OR OTHER 
AUTHORIZED U.S. PATENT AND TRADEMARK OFFICE EMPLOYEE." Applicant 
submits under separate cover a supplemental Information Disclosure Statement ("IDS") 
complying with the Examiner's request. 

The Examiner asserts that the reply filed by Applicant on February 10, 2003 was not fully 
responsive. The Examiner requests copies of all claims in all copending applications and patents 
"if they claim any apparatus, device, kits, or other means, that would be material, relevant and 
important to the issues of patentability, for the purpose of investigation of the issue of 
obviousness-type double patenting of dual ("first tube" and "second tube") tooth bleaching 
equipment as in newly presented claims 42-70." 

In response, Applicant's attorney provides herein a list of Montgomery patents and 
applications of which Applicants' attorney are currently aware that may be responsive to the 
Examiner's request. It is possible that other cases may be handled by other attorneys, but at this 
time Applicant's attorney believes that it is currently responsible for all of Montgomery's human 
oral care patent prosecution. Copies of these references will be provided under separate cover in 
a supplemental IDS to the extent that they have issued or published. 
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09/483,526* 5,738,843 6,331,292 

09/651,170" 5,816,802 6,343,933 . 

09/840,844 5,908,614 6,475,469 

10/039,935 5,922,307 6,479,037 . 

10/050,196 5,944,528 6,488,914 

...10/056.296 6,162,055 6,514,543 . 

10/219,965" 6,221,341 6,536,628 

10/434,597 6,281,265 6,576,227 

10/456,205*" 6,312,670 
WO 99/40870 6,322,773 

'Applicant's attorney submitted in the supplemental IDS PCT Publication No. WO. 
01/51005, which include s the same specification as U.S. Application Serial No. 09/483,526 (the 
'526 application is not yet published in the U.S.). 

"U.S. Application No. 09/651,170 is a continuation of issued U.S. Patent No. 6,162,055, 
which is provided in the IDS; therefore, Applicant's attorney is not including a copy of this 
application since the specification is the same. The claims will be provided, however, as 
indicated below. 

***U.S. Application Serial No. 10/219,965 is being handled by another law firm, but 
Applicant's attorney is including a copy of the published application for the Examiner's 
convenience. 

"**U.S. Application No. 10/456,205 is a continuation of issued U.S. Patent No. 
5,908,614, which is provided in the IDS; therefore, Applicant's attorney is not including a copy 
of this application since the specification is the same. The claims will be provided, however, as 
indicated below. 

Copies of currently pending claims and issued claims corresponding to the list are also 
provided herewith, with the exception of WO 99/40870, which is a PCT application, and U.S. 
Application Serial No. 10/219,965, which is being handled by another law firm. The claims for 
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applications that have not yet published or issued are marked "Proprietary" to prevent public 
access prior to publication or issuance of those applications. 

Applicant believes thai the submitted information is complete but reserves the right to 
supplement upon further discovery of such information. 

The arguments made herein should in no way be construed as dedicating any unclaimed 

or amended subject matter or equivalents to the public, and were done solely to expedite 

prosecution. Applicant reserves the right to pursue any cancelled or amended subject matter ih 

this or related ap plications. " „„„ 

n. CONCLUSION 

Reconsideration and allowance of all the pending claims is respectfully requested. If a 

telephone conversation with Applicant's attorney would expedite prosecution of the above- 
identified application, the Examiner is requested to call the undersigned at 312-701-7174. 

Respectfully submitted, 

Dated: <LAY\ (W^< *~ r 

Christine M. Rebman, Reg. No. 50,546 
MAYER, BROWN, RO WE & MAW LLP 
190 South LaSalle Street 
Chicago, IL 60603 
312-782-0600 
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CERTIFICATE OF MAILING BY "EXPRESS MAIL" 
-Express KUil" muling Ubel No. EV I 13372989 US 



Filed: January 14,2000 




1 hereby certify IhU this paper or fee i» being deposited 
with the United Stites Postal Service "Express Mail Pott 



For: TOOTH WHITENING AND 

IMAGE ENHANCEMENT CENTER 
METHOD 




AMENDMENT AND RESPONSE TO AUG UST IS. 2002, 
FTNAL OFFICE ACTION 



Commissioner of Patents 
P.O.Box 1450 

Alexandria, VA 22313-1450 ■ ' 
Dear Sin 

This Amendment is submitted in response to the final Office Action mailed August 
1 5, 2002. This response is accompanied by a Petition to Revive Unintentionally Abandoned 
Application under 35 C J.R. § 1.137. Upon granting of the Petition, this response is timely 
filed. 

If there are any additional fees due in connection with the filing of this response, 
please charge these additional fees (or credit any overpayment) associated with this 
communication to our Deposit Account No. 13-0019. Applicant respectfully requests 
amendment of the patent application and reconsideration and allowance of the pending 



claims. 
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IN THE CLAIMS 

Please add new claims 59-63. 

Please substitute claims 1, 40-41, 48-49 and 54 with the corresponding amended claims as 
follows: 

1 . (Amended) A method of providing tooth whitening services to a plurality of clients by 
one dental professional, which comprises: 

(a) providing a tooth whitening module comprising at least two workstations, 
each workstation in the module being operated by the dental professional; 

(b) assigning each client to a workstation of the module; and 

(c) having the dental professional administer tooth whitening services to each 
client in each workstation of the module, 

wherein at least a portion of the tooth whitening procedure is provided to each client 
simultaneously. 

40. (Amended) A method of administering tooth whitening services, comprising the steps 
of: 

(a) applying a whitening gel to all cosmetically visible teeth of a client; and 

(b) applying light to all of said teeth of said client simultaneously for a fixed 
period of time, and 

(c) repeating steps (a) and (b) two to five times. 

41. (Amended) The method of claim 40, wherein steps (a) and (b) are repeated from 
about two to about five times, and wherein steps (a) - (c) are completed in less than about 
two hours. 

48. (Amended) A method according to claim 40, wherein the whitening gel comprises 
from about 1 % to about 35% hydrogen peroxide. 

49. (Amended) A method according to claim 40, further comprising a step of comparing 

the shade of teeth to a desired shade on a shade guide. 

| 
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54. (Amended) The method of claim 53, wherein the means of receiving contacts initiated 
by potential clients and informing said potential clients of locations where tooth whitening 
services can be obtained through a telephonic connection, a web site, email or written 
correspondence, 

59. (New) The method of claim 40, wherein the whitening gel comprises from about 5%. 
to about 35% hydrogen peroxide. 

60. (New) The method of claim 40, wherein the whitening gel comprises from about 3% 
to about 20% hydrogen peroxide. . 

61. (New) The method of claim 40, wherein the whitening gel comprises from about 6% 
to about 15% hydrogen peroxide. 

62. (New) The method of claim 40, wherein the whitening gel comprises an oxidizing 
compound. 

63. - (New) The method of cIaim-62, wherein the oxidizing compound is selected from the 
group consisting of hydrogen peroxide, carbamide peroxide, calcium peroxide, sodium 
perborate, potassium persulfate, peracetic acid, metal peroxides, alkali metal percarbonates, 
and alkali metal perborates. 

64. (New) The method of claim 63, wherein the oxidizing compound comprises hydrogen 
peroxide. 

65. (New) The method of claim 63, wherein the oxidizing compound comprises hydrogen 
peroxide and carbamide peroxide. 

66. (New) The method of claim 62, wherein the oxidizing compound comprises m 
peroxyacid compound. 

67. (New) The method of claim 66, wherein the peroxyacid compound is selected from 
the group consisting of peroxyacetic acid and a peroxyacid precursor compound. 
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68. (New) The method of claim 67, wherein the peroxyacid precursor compound is 
selected from the group consisting of glyceryl triacetate, acetylated amino acids, 
acetylsalicylic acid, and N^N'.NMetraacetyl ethylenediamine, vinyl acetate polymers and 
copolymers, acetylcholine, and other biologically acceptable acetylated compounds. 

69. (New) The method of claim 40, wherein the whitening gel comprises a 
photosensitizing agent 

70. (New) The method of claim 69, wherein the photosensitizing agent is selected from 
the group consisting of semiconductor particles, benzophenone derivatives, benzotriazole 

_4^4vativfs^^ 

71. (New) The method of claim 70, wherein the photosensitizing agent comprises a 
semiconductor particles are selected from the group consisting of titanium dioxide and zinc 
oxide. 

72. (New) The method of claim 70, wherein the photosensitizing agent comprises a 

0 

diketones selected from the group consisting of camphorquinone and J>enzil. 

73. (New) The method of claim 70, wherein the photosensitizing agent comprises a 
metal-ligand complexes selected from the group consisting of feme potassium oxalate, 
manganese gluconate, ethylenediamine tetraacetic acid, diethylenetriamine pentaacetic acid, 
nitrilotriacetic acid, 1 -hydroxyethylidene-1 ,i-diphosphonic acid, ethylenediamine 
tetra(methylenephosphonic acid), diethylenetriamihe penta(methylenephosphonic acid), 
sorbitol, xylitol, mannitol, maltitol, and lactitol. 

74. (New) The method of claim 40, wherein the whitening gel comprises an oxidizing 
compound and a photosensitizing agent 

75. (New) The method of claim 74, wherein the oxidizing compound comprises hydrogen 
peroxide and the photosensitizing agent comprises ethylenediamine tetraacetic acid. 

i 

76. (New) The method of claim 40, further comprising the step of treating the teeth with a 
desensitizing composition after steps (a) and (b) are repeated two to five times. 



77. (New) The method of claim 76, wherein the desensitizing composition comprises at 
least one of potassium nitrate and fluoride. 

78. (New) The method of claim 76, wherein the desensitizing composition comprises 
ftom about 3% to about 6% potassium nitrate by weight of the composition. 

79. (New) A method of providing tooth whitening services to a plurality of clients by one 

dental professional, which comprises: 

(a) providing a tooth whitening module comprising at least two workstations, 

each workstation in the module being operated by the dental professional; 

(b) assigning each client to a workstation of the module; and 

(c) having the dental professional administer tooth whitening services to each 
client in each workstation of the module, 

wherein the tooth whitening services comprises the steps of: 

(i) applying a whitening gel to all of the cosmetically visible teeth of the client; 

(ii) applying light to all of the teeth simultaneously for a fixed period of time; and 

(iii) repeating steps (i)-and(ii) two to five times. - -.. 

80. (New) A method of providing tooth whitening services to a plurality of clients by one 
dental professional, which comprises: 

(a) providing a tooth whitening module comprising at least two workstations, 
each workstation in the module being operated by the dental professional; 

(b) assigning each client to a workstation of the module; and 

(c) having the dental professional administer tooth whitening services to each 
client in each workstation of the module, 

wherein the tooth whitening services comprises the steps of: 

(i) applying a whitening gel to all of the cosmetically visible teeth of the client; 

(ii) applying light to all of the teeth simultaneously for a fixed period of time of 
about 15 to about 30 minutes; and 

(iii) repeating steps (i) and (ii) two to five times. 

81 . (New) A method of providing tooth whitening services to a plurality of clients by one 
dental professional, which comprises: 
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(a) providing a tooth whitening module comprising at least two workstations, 
each workstation in the module being operated by the dental professional; 

(b) assigning each client to a workstation of the module; and 

(c) having the dental professional administer tooth whitening services to each 
client in each workstation of the module, . 
wherein the tooth whitening services comprises the steps of: 

(i) applying a whitening gel to all of the cosmetically visible teeth of the client; 
(i>) applying light to all of the teeth simultaneously for a fixed period of time of 
about 20 minutes; and 

(HO repeating steps (i) and (n) three times. 



82. (New) A method of administering tooth whitening services, comprising the steps of: 

(a) applying a whitening gel to all cosmetically visible teeth of a client; and 

(b) applying light to all of the teem simultaneously for a fixed period of time of 
about 15 to about 30 minutes, and 

(c) repeating steps (a) and (b) two to five times. 

83. (New) A-method of administering tooth whitening services, comprising the steps of: 

(a) applying a whitening gel to all cosmetically visible teeth of a client; and 

(b) applying light to all of the teeth simultaneously for a fixed period of time of 

about 20 minutes, and 

(c) repeating steps (a) and (b) three times. 
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Pending Claims in U.S. Application Sen No. 09/651,170 

Claims 6, 14, and 25-43 are pending. 
Claims 1-5 (Cancelled) 

Claim 6 (Previously amended) A tooth whitening composition for use in light-activated 

tooth whitening, comprising: 

a transparent first component comprising a carrier compound; and 

a transparent second component comprising an oxidizing compound which when applied 

to a stained tooth and exposed to actinic light is activated to facilitate tooth whitening; 

wherein said second component comprises a peroxyacid precursor selected from the 

group consisting of glyceryl triacetate, acetylated amino acids, acetylsalicylic acid and 

tetraacetylethyldiamine. 

Claims 7-13 (Cancelled) 

Claim 14 (Previously amended) A tooth whitening composition for use in light-activated 

tooth whitening, comprising: 

a transparent first component comprising a carrier compound; and 

a transparent second component comprising an oxidizing compound which when applied 

to a stained tooth and exposed to actinic light is activated to facilitate tooth whitening; 

a third component being a photoactivating agent comprising a semiconductor particles, 

which when exposed to actinic light enhances the activation of said second component to 

facilitate tooth whitening; wherein said semiconductor particles are nanometer sized oxides of 

titanium or zinc. 

Claims 15-24 (Cancelled) 

Claim 25 (Previously amended) A two-part tooth whitening system, comprising: 
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a first part comprising a metal ion chelator that is capable of activating tooth 
whitening when in contact with indigenous metal ions in the mouth, said first part also 
comprising a pH-adjusting agent; and, 

a second part comprising hydrogen peroxide. 
Claim 26 (Previously added) A two-part tooth whitening system according to claim 25, 
wherein the metal ion chelator is selected from the group consisting of ethylenediamine 
tetraacetic acid (EDTA), diethylenetriamine pentaacetic acid (DETPA), nitrilotriacetic acid 
(NTA), 1 -hydroxyethy lidene- 1 , 1 -diphosphonic acid, ethylenediamine 
tetra(methylenephosphonic acid), and diethylenetriamine penta(methylenephosphonic acid). 
Claim 27 (Previously added) A two-part tooth whitening system according to claim 25, 
wherein the metal ion chelator is a non-carboxylated polyhydroxy compound. 
Claim 28 (Previously added) A two-part tooth whitening system according to claim 27, 
wherein the non-carboxylated polyhydroxy compound is selected from the group consisting of 
sorbitol, xylitol, mannitol, maltitol, and lactitol. 

Claim 29 (Previously added) A two-part tooth whitening system according to claim 25, 
wherein the hydrogen peroxide is present at a concentration between about 3 percent by weight 
to about 1 5 percent by weight. 

Claim 30 (Previously added) A two-part tooth whitening system according to claim 25, 
wherein the first part is aqueous and alkaline. 

Claim 3 1 (Previously added) A two-part tooth whitening system according to claim 25, 
wherein the first part further comprises ions of one or more transition metals. 
Claim 32 (Previously added) A two-part tooth whitening system, comprising: 
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a first part comprising a metal ion chelator which, in the absence of transition 
metal ions, is transparent to light of wavelengths from about 350 nm to about 700 nm, but in the 
presence of a metal ion, becomes an activator capable of absorbing light of wavelengths from 
about 350 nm to about 700 nm, and wherein the first part also comprises a pH-adjusting agent; 
and, 

a second part comprising hydrogen peroxide. 
Claim 33 (Previously added) A two-part tooth whitening system according to claim 32, 
wherein the metal ion chelator is selected from the group consisting of ethylenediamine 
tetraacetic acid (EDTA), diethylenetriamine pentaacetic acid (DETPA), nitrilotriacetic acid 
(NTA), 1 -hydroxy ethy lidene- 1 , 1 -diphosphonic acid, ethylenediamine 
tetra(methylenephosphonice acid), and diethylenetriamine penta(methylenephosphonic acid). 
Claim 34 (Previously added) A two-part tooth whitening system according to claim 32, 
wherein the metal ion chelator is a noncarboxylated polyhydroxy compound. 
Claim 35 (Previously added) A two-part tooth whitening system according to claim 34, 
wherein the noncarboxylated polyhydroxy compound is selected from the group consisting of 
sorbitol, xylitol, mannitol, maltitol, and lactitol. 

Claim 36 (Previously added) A two-part tooth whitening system according to claim 32, 
wherein the hydrogen peroxide is present at a concentration between about 3 percent by weight 
to about 15 percent by weight. 

Claim 37 (Previously added) A two-part whitening system according to claim 32, wherein 
the first part is aqueous and alkaline. 

Claim 38 (Previously added) A two-part whitening system according to claim 32, wherein 
the first part further comprises ions of one or more transition metals. 
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Claim 39 (Previously added) A two part tooth whitening system, comprising: 

an alkaline first part comprising a pH-adjusting agent and a metal ion chelator 

that, when bound to a metal ion and in contact wit the surface of a tooth, becomes an activator 

capable of accelerating tooth whitening; and 

a second part comprising hydrogen peroxide; 

wherein when the first and second parts are applied to a tooth, the first and second 
parts are sufficiently transparent to light such that about 10 to about 200 milli Watt/cm 2 of light of 
wavelengths between about 350 nm and about 700 nm can be applied to a tooth surface bearing 
the first part and the second part. 

Claim 40 (Previously added) A two-part tooth whitening system according to claim 39, 
wherein the metal ion chelator is selected from the group consisting of ethylenediamine 
tetraacetic acid (EDTA), diethylenetriamine pentaacetic acid (DETPA), nitrilotriacetic acid 
(NT A), 1 -hydroxy ethy lidene- 1 , 1 -diphosphonic acid, ethylenediamine 
tetra(methylenephosphonice acid), and diethylenetriamine penta(methylenephosphonic acid). 
Claim 41 (Previously added) A two-part tooth whitening system according to claim 39 
wherein the metal ion chelator is a non-carboxylated polyhydroxy compound. 
Claim 42 (Previously added) A two part tooth whitening system according to claim 41 , 
wherein the non-carboxylated polyhydroxy compound is selected from the group consisting of 
sorbitol, xylitol, mannitol, maltitol, and lactitol. 

Claim 43 (Previously added) A two-part tooth whitening system according to claim 39, 
wherein the hydrogen peroxide is present at a concentration between about 3 percent by weight 
to about 15 percent by weight. 



PENDING CLAIMS 

U.S. Patent' Application 
09/840,844 

1. A composition comprising: 

an orally acceptable, tooth whitening peroxyacetic acid generating mixture including a 
source of peroxide and an acetic acid ester of glycerin, wherein the source of peroxide and the 
acetic acid ester of glycerin are dispersed within an anhydrous carrier. 

3. The composition of claim 1 wherein the acetic acid ester of glycerin is selected 
from the group consisting of glyceryl triacetate, glyceryl diacetate and glyceryl acetate. 

4. A composition according to claim 1, wherein the source of peroxide is selected 
from the group consisting of carbamide peroxide, sodium percarbonate, sodium perborate, 
calcium peroxide, magnesium peroxide, sodium peroxide, and anhydrous polyvinyl pyrrolidone) 
/ hydrogen peroxide complexes. 

5. A composition according to claim 1 capable of providing an oral pH of more than 
5.2 to generate peroxyacetic acid. 

6. A composition according to claim 5, wherein the oral pH is 7.8. 

8. The composition of claim 1 wherein the carrier is selected from the group 
consisting of glycerin, propylene glycol, polyethylene glycols, chewing gum and gum base 
products, floss carriers and floss wax products, oils, waxes and esters. 

9. The composition of claim 1 further comprising a thickening agent 

10. The composition of claim 9 wherein the thickening agent is selected from the 
group consisting of neutralized carhpxymethylene, polyacrylic acid polymers and copolymers, 
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hydroxypropylcellulose and other cellulose ethers, salts of poly(methyl vinyl ether-co-maleic 
anhydride), poly(vinylpyrrolidone), poly(vinylpyrrolidorie-co-vinyl acetate), silicon dioxide, 
fumed silica, and stearic acid esters. 

11. The composition of claim 1 further comprising a buffer. 

12. the composition of claim 11 wherein the buffer is selected from the group 
consisting of sodium hydroxide, potassium hydroxide, ammonium hydroxide, sodium phosphate 
di- and tri-basic, potassium phosphate di- and tri-basic, sodium ^polyphosphate, . 
tris(hydroxymethyl)aminomethane, triethanolamine, polyethylenimine, polyacrylic acid, 
poly(methyl vinyl ether-co-maleic anhydride), citric acid, and phosphoric acid. 

13. The composition of claim 1 further comprising a surfactant. 

14. The composition of claim 13 wherein the surfactant is selected from the group 
consisting of zwitterionic and fluorinated surfactants. 

15. The composition of claim 1 further comprising a chelating agent 

16. The composition of claim 15 wherein the chelating agent is selected from the 
group consisting of phosphonic acids, EDT A, and polyphosphates. 

17. The composition of claim 1 further comprising flavorants or sweeteners. 

18. (Amended) A composition for producing peroxyacetic acid for use in whitening 
teeth, the composition comprising a two component system including: 

a first aqueous component including hydrogen peroxide and 

a second component including glyceryl triacetate. . . * 
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19. A method for whitening teeth comprising: 

forming a composition having an oral pH in excess of about 5.2 by combining a hydrogen 
peroxide precursor, glyceryl triacetate, and water so as to generate peroxyacetic acid; and 
applying the composition to a tooth surface. 

20. A method for whitening teeth comprising: 

applying one of either a glyceryl triacetate or a hydrogen peroxide releasing compound 

onto a tooth surface; and 

applying the other of the remaining glyceryl triacetate or hydrogen ..peroxide releasing 
compound onto the same tooth surface, so as to generate peroxyacetic acid upon contact with an 
aqueous solution on the surface 67 the tooth. 

21. A method for whitening teeth comprising: 

providing separately glyceryl triacetate and a hydrogen peroxide releasing compound, 
both in an orally safe and sufficient amount for whitening teeth; 

forming a mixture between the glyceryl triacetate and the hydrogen peroxide releasing 

compound; and — 

applying the mixture onto a tooth surface. 

22. (Amended) A method for cosmetically treating teeth comprising the steps of: 
applying a source of labile acetyl groups onto the surface of a tooth; 
allowing the source of labile acetyl groups to penetrate into the tooth; 
applying a source of peroxide onto the surface of the tooth; 

allowing the source of labile acetyl groups to react with the source of peroxide to 
generate a peroxyacid within the tooth; and 

allowing the peroxyacid to effect whitening of the tooth. 

23. The method of claim 22 wherein the source of labile acetyl groups is a C|-C 5 
. molecule having between ! to 5 labile Ci-C 5 acyl containing groups. , s 
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24. The method of claim 22 wherein the source of labile acetyl groups has a 
molecular weight less than 1000. 

; • 

• •■ 

25. The method of claim 22 wherein the source of labile acetyl groups has a 
molecular weight less than 500. 

26. The method of claim 22 wherein the source of labile acetyl groups has a : 

molecular weight of between about 100 to about 300. 

■ ■. . ' v 

27. The method of claim 22 wherein the source of labile acetyl groups has a 
molecular weight approximate that of glyceryl triacetate. 

28. The composition of claim 7, wherein the carrier is chewing gum. 

29. The composition of claim 7 wherein the carrier is dental floss. 
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PENDING CLAIMS 

U.S. Patent Application 
10/039,935 

42. A kit including a first tube and a second tube, the tubes adapted to keep apart two 
formulations, the first tube and second tube respectively include: • ■ '• . 

a first formulation comprising hydrogen peroxide and an aqueous carrier wherein 
the first formulation is substantially free of alkaline pH adjusting agent; and 

a second formulation comprising an alkaline pH-adjustihg agent and Wherein the 
second formulation is substantially free of the hydrogen peroxide; 

the first formulation or the second formulation including a thickener and whereby mixing . 
the first formulation and the second formulation forms a thickened, aqueous, hydrogen peroxide 
containing mixture, wherein the mixture has a pH of greater than 5.5. 

1 

43. The kit of claim 42 wherein the mixture includes a stabilizing agent. 

44. The kit of claim 42 wherein the mixture includes a calcium chelating agent. 

45. The kit of claim 42 wherein the mixture has a pH within a range of between about 

6 to about 10. 

1 

46. The kit of claim 42 wherein the mixture has a pHwitlun a range of between about 

7 to about 10. 

47. The kit of claim 42 wherein the mixture includes at least 70% water by weight, 
based on the weight of the mixture. 

48. Trie kit of claim 42 wherein the alkaline pH adjusting agent is a member selected 
from the group consisting of alkali metal hydroxides, ammonium hydroxide, alkali metal 
carbonates, TRIS, and triethanolamine. 

49. The kit of claim 43 wherein the stabilizing agent is a member selected from the 
group consisting of sodium acid pyrophosphate, sodium stannate trihydrate, and 1- 
hydroxyethylidene-l.l-diphosphonicjacid. 
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50. The kit of claim 44 wherein the calcium chelating agent is a member selected 
from the group consisting of EDTA, salts of EDTA, citric acid, salts of citric acid, gluconic acid, 
salts of gluconic acid, alkali metal pyrophosphates and alkali metal polyphosphates. 

51. The kit of claim 42 wherein the thickener is a high molecular weight crosslinked 
polyacrylic acid. 

52. The kit of claim 42 wherein the mixture has a hydrogen peroxide concentration of 
less than 15% by weight of the mixture. 

53. The kit of claim 43 wherein the stabilizing agent may also act as a calcium 
chelating agent. 

54. The kit of claim 42 wherein the mixture has a pH within a range of between 
approximately 7.5 and approximately 9.0. 

55. The kit of claim 42 wherein the mixture has a pH of approximately 8.0. 

56. A dosage delivery unit for delivering a tooth bleaching composition comprising: 

a multi-chambered vessel wherein chambers are responsive to applied pressure from an 
external source; 

a mixing baffle in communication with the chambers such that an aqueous mixture of a 
hydrogen peroxide containing tooth bleaching composition exits the dosage delivery unit in 
response to the applied pressure on the chambers. 

57. The dosage delivery unit of claim 56 wherein the aqueous mixture further 
comprises a thickener and an alkaline pH adjusting agent. 

58. The dosage delivery unit of claim 57 wherein the aqueous mixture has a pH of 
greater than 5.5. . 
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59. The dosage delivery unit of claim 57 wherein the aqueous mixture further 
comprises a stabilizing argent. 1 

60. The dosage delivery unit of claim 57 wherein the aqueous mixture further 
comprises a calcium chelating agent. 

61. The dosage delivery unit of claim 56 wherein the aqueous mixture includes at . 
least 70% water by weight, based on the weight of the mixture. » 

62. The dosage delivery unit of claim57 wherein the alkaline pH adjusting agent is a 
member selected from the group consisting of alkali metal hydroxides, ammonium hydroxide, 
alkali metal carbonates, TRIS and triethanolamine. 

63. The dosage delivery unit of claim 59 wherein the stabilizing agent is a member 
selected from the group consisting of sodium acid pyrophosphate, sodium stannate trihydrate, 
and 1-hydroxyethylidene- 1,1 -diphosphonic acid. 

64. The dosage delivery unit of claim 60 wherein the calcium chelating agent is a 
member selected from the group consisting of EDTA, salts of EDTA, citric acid, salts of citric 
acid, gluconic acid, salts of gluconic acid, alkali metal pyrophosphates and alkali metal 
polyphosphates. 

65. The dosage delivery unit of claim 57 wherein the thickener is a high molecular 
weight crosslinked polyacrylic acid. 

66. The dosage delivery unit of claim 56 wherein the aqueous mixture has a hydrogen 
peroxide concentration of less than 15% by weight of the mixture. 

67. The dosage delivery unit of claim 57 wherein the mixture has a pH within a range 
of between approximately 6.0 and app^vimatftlv 1 ft 0 
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68. The dosage delivery unit of claim 57 wherein the mixture has a pH within a range 
of between approximately 7.0 and approximately 10.0. .'. 

69. The dosage delivery unit of claim 57 wherein the aqueous mixture has a pH 
within a range of between approximately 8.0 and approximately 9.5. 

70. The dosage delivery unit of claim 56 wherein the chambers include formulations 
in the form of a gel or paste. 
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PENDING CLAIMS 

U.S. Patent Application 
10/050,196 

13. A method for whitening the teeth of a subject comprising the steps of 

applying to the teeth a composition having a pH of between about 7 and about 10 and 
comprising an alkalizing agent, and 

contacting the teeth with a mixture comprising a hydrogen peroxide precursor compound 
in an amount effective to whiten teeth. 

14. The method of claim 13 wherein the alkalizing agent is selected from the group 
consisting of sodium hydroxide, sodium carbonate, and ammonium carbonate. 

15. The method of claim 13 wherein the composition is a rinse, paste or gel. 

16. The method of claim 13 wherein the composition is buffered in a manner to 
maintain tooth surface pH between about 7 and about 10. 

17. The method of claim 13 wherein tooth surface pH is maintained at a pH of 
between about 7 and about 10. 

18. A method for whitening the teeth of a subject comprising the steps of 

applying to the teeth a composition having a pH of between about 7 and about 10 and 
comprising an alkalizing agent, and 

contacting the teeth with a mixture comprising hydrogen peroxide in an amount effective 

to whiten teeth. 

19. The method of claim 18 wherein the alkalizing agent is selected from the group 
consisting of sodium hydroxide, sodium carbonate, and ammonium carbonate. 

20. The method of claim 1 8 wherein the composition is a rinse, paste or gel. 

21. The method of claim 18 wherein the composition is buffered in a manner to 
maintain tooth surface pH at between about 7 and about 10. 
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22. The method of claim 18 wherein tooth surface pH is maintained at a pH of 
between about 7 and about 10. 

23. A method for whitening teeth of a subject comprising the steps of 
raising tooth surface pH to between about 7 and about 10, and 

contacting the tooth surface with a peroxide-containing or peroxide releasing tooth 
bleaching composition. 

24. The method of claim 23 wherein the step of raising tooth surface pH includes 
applying to the teeth a composition comprising an alkalizing agent having a pH of between about 
7 and about 10. 

25. (Amended) The method of claim 24 wherein the alkalizing agent is selected from 
the group consisting of sodium hydroxide, sodium carbonate, and ammonium carbonate. 

26. The method of claim 23 wherein the composition is a rinse, paste or gel. 

27. The method of claim 23 wherein the composition is buffered in a manner to 
maintain tooth surface pH at between about 7 and about 10. 

28. The method of claim 23 wherein tooth surface pH is maintained at a pH of 
between about 7 and about 10. 

. 29. A method for whitening the teeth of a subject comprising the steps of 

applying to the teeth a composition capable of buffering tooth surface pH at between 

about 7 and about 10, and 

contacting the teeth with a mixture comprising a hydrogen peroxide precursor compound 
or hydrogen peroxide in an amount effective to whiten teeth. 

I 
i 
I 
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30. The method of claim 29 wherein the composition capable of buffering tooth 
surface pH includes a member selected from the group consisting of potassium phosphate, 
sodium hydroxide, sodium carbonate, and ammonium carbonate. , 

31. The method of claim 29 wherein the composition is a rinse, paste or gel. 

32. A method for whitening the teeth of a subject comprising the steps of 
buffering tooth surface pH at between about 7 and about 10, and 

contacting the teeth with a mixture comprising a hydrogen peroxide precursor compound 
or hydrogen peroxide in an amount effective to whiten teeth. 

33. The method of claim 32 wherein the step of buffering include applying to the 
tooth surface a composition comprising a member selected from the group consisting of 
potassium phosphate, sodium hydroxide, sodium carbonate, and ammonium carbonate. 

34. The method of claim 32 wherein the composition is a rinse, paste or gel. 

35. A method for whitening the teeth of a subject comprising the steps of 
maintaining tooth surface pH at between about 7 and about 10, and 

contacting the teeth with a mixture comprising a hydrogen peroxide precursor compound 

' or hydrogen peroxide in an amount effective to whiten teeth. 

36. The method of claim 35 wherein the step of maintaining includes applying a 
composition including a member selected from the group consisting of potassium phosphate, 
sodium hydroxide, sodium carbonate, and ammonium Carbonate. 

37. The method of claim 35 wherein the composition is a rinse, paste or gel. 

38. A method for whitening teeth of a subject comprising the steps of 
applying to the teeth a composition comprising an alkalizing agent, and 



PROPRIETARY 



contacting the teeth with a mixture comprising a hydrogen peroxide precursor compound 
in an amount effective to whiten teeth, 

wherein the pH at the tooth surface is between about 7 and about 10. 

39. The method of claim 38 wherein the alkalizing agent is selected from the group 
consisting of sodium hydroxide, sodium carbonate, and ammonium carbonate. 

40. The method of claim 38 wherein the composition is a rinse, paste or gel. 

v 

41. The method of claim 38 wherein the composition is buffered in a manner to 
maintain tooth surface pH between about 7 and about 10. 

42. The method of claim 38 wherein tooth surface pH is maintained during tooth 
whitening at a pH of between about 7 and about 10. 

43. A method for effecting heightened whitening of teeth which comprises the 
sequential steps of first applying to the teeth an aqueous rinse composition having an alkaline pH 
of about 8.0 to about 10.5 which application is thereafter immediately followed by brushing the 
teeth to which the rinse has been previously applied with a peroxide dentifrice to effect 
whitening of the teeth without water rinsing the teeth between the rinse regimen and the 
dentifrice regimen. 

44. The method of claim 43 wherein the teeth are brushed with the dentifrice 
immediately following application of the rinse. 

45. The method of claim 43 wherein the peroxide is urea peroxide. 

46. The method of claim 43 wherein the peroxide compound is present in the 
dentifrice composition at a concentration at about 1.0 to about 10% by weight of the 

composition. ! 

I ... 
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47. The method of claim 43 wherein an abrasive is present in the dentifrice 
composition at a concentration of about 1 to about 30% by weight of the composition. 

48. The method of claim 5 wherein the abrasive compound is calcined alumina. 

49. A method for whitening the teeth of a subject comprising the steps of 
applying to the teeth a composition comprising an alkalizing agent having a pH of 

between about 7 and about 10, and 

contacting the teeth with a mixture comprising a hydrogen peroxide precursor compound 
in an amount effective to whiten teeth. 

50. The method of claim 49 wherein the alkalizing agent is selected from the group 
consisting of sodium hydroxide, sodium carbonate, and ammonium carbonate. .'• 

51. The method of claim 49 wherein the composition is a rinse, paste or gel. 

52. The method of claim 49 wherein the composition is buffered in a manner to 
maintain tooth surface pH between about 7 and about 10. 

53. The method of claim 49 wherein tooth surface pH is maintained at a pH of 
between about 7 and about 10. 

54. A method for whitening the teeth of a subject comprising the steps of 

applying to the teeth a composition comprising an alkalizing agent having a pH of 
between about 7 and about 10, and 

contacting the teeth with a mixture comprising hydrogen peroxide in an amount effective 

to whiten teeth. 

55. The method of claim 54 wherein the alkalizing agent is selected from the group 
consisting of sodium hydroxide, sodium carbonate, and ammonium carbonate. 

56. The method of claim 54 wherein the composition is a rinse, paste or gel. 
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57. The method of claim 54 wherein the composition is buffered in a manner to 
maintain tooth surface pH at between about 7 and about 10. • 1 

58. The method of claim 54 wherein tooth surface pH is maintained at a pH of ' 
between about 7 and about 1.0. 

59. The method of claim 24 wherein the composition comprising an alkalizing agent • 
is a rinse, paste or gel. v 

60. . The method of claim 24 wherein the composition comprising an alkalizing agent 
is buffered in a manner to maintain tooth surface pH at between about 7 and about 10. 

61. The method of claim 24 wherein tooth surface pH is maintained at a pH of 
between about 7 and about 10. 

62. The method of claim 33 wherein the composition comprising a member selected 
from the group consisting of potassium phosphate, sodium hydroxide, sodium carbonate, and 
ammonium carbonate is a rinse, paste or gel. 

63. The method of claim 36 wherein the composition including a member selected 
from the group consisting of potassium phosphate, sodium hydroxide, sodium carbonate, and 
ammonium carbonate is a rinse, paste or gel. 
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contents of both chambers Into and through a scries of 
mixing elcmeots that arc attached to odc end of the dual 
chambered syringe. Such a mMng element assembly is 
known in the art as a static mLxer. The two components thus 
become mixed as they are forced into one end of the static 
mixer, through the static mixer, and finally out the other end 
of the static mixer assembly. The mixture that emerges from 
the end of the static mixer assembly is preferably applied 
directly to the oral cavity, rather than being stored for an 
extended period of time. 

[0075] In addition, two or multi-part systems may be 
appb'ed in sequence, whereby one separately packaged com* 
ponenl is applied to a surface of the oral cavity, followed by 
the application (to the same oral cavity surface) of a second 
separately packaged component to the oral cavity, etc. 
Mixing of the two or more components is thus accomplished 
- in-sir u , rather t han-priof-to-apph'catiotL 

EXAMPLE 3 

[0076] Method of Preventing Tooth Sensitivity Associated 
with Peroxide Tooth Whitening 

[0077] Most tooth whitening compositions that are 
capable of ellrninatlng or reducing both extrinsic and intrin- 
sic tooth staining contain an oxidizing compound. Typically, 
the pxi cozing compound is cither hydrogen peroxide, or & 
precursor to hydrogen peroxide, such as carbamide perox- 
ide, sodium perborate, sodium percarbonate, and others. It is 
known that hydrogen peroxide is able to penetrate through 
intact enamel and dentin (and more easily through crudes in 
enamel or exposed root surfaces), thus reaching vital pulp 
tissue within 15 minutes from initial cooUct of the peroxide 
tooth whitening composition on the tooth surface. It is 
speculated that the presence of peroxide in the pulp chamber 
is one of the major contributors to tooth sensitivity associ- 
ated with such tooth whitening procedures. 

[0078] A particularly useful application of the inventive 
ascorbyl phosphate compositions is for alleviating or pre-, 
venting the tooth sensitivity ofien associated with the use of 
peroxide -containing tooth whitening compositions. Upon 
contact with a tooth surface that has been treated with a 
peroxide -containing tooth whitening composition, the ascor- 
byl phosphate compositions provide a source of ascorbic 
acid upon hydrolysis by phosphatase enzymes present in the 
oral cavity. Ascorbic arid is known to be a powerful free- 
radical scavenger. While not wishing to be bound by any 
partiou lax theory, release of ascorbic acid from ascorbyl 
phosphate applied to the oral cavity may reduce the Kken- 
bood of pulp tissue damage by scavenging free- radical 
degradation products of hydrogen peroxide, such as the 
hydroxyl radical (.OH) and the pcrhydroxyl radical (.OOH). 
Ad additional benefit may be obtained after hydrolysis of the 
ascorbyl phosphate molecule, in that free phosphate ion is 
released'into salivary solution and at the tooth surrace, thus 
creating conditions that arc highly conducive to formation 
(typically by precipitation) of calcium phosphate crystals 
within the dentinal tubules. Blockage of the dentinal tubules 
is known to decrease tooth sensitivity by reducing the 
likelihood . of fluid movement within the tubules caused by 
external stimuli, such as beat, cold, and contact with hygro- 
scopic fcodsTuffiv. 

[0079] A preferred method of reducing or eliminating the 
tooth sensitivity associated with peroxide-based tooth whit- 
ening procedures comprises the sequent 1 * 1 **~ of 



[0080] 1. Contacting a tooth surface or tooth surfaces 
with a peroxide-containing tooth whitening compo- 
sition for a period of time in order to effect tooth 
whitenings 

[0081] 2; Contacting the same tooth surface or tooth 
surfaces with a composition comprising a compound 
of formula I, such as an ascorbyl phosphate 

[0082] Optionally, the ascorbyl phosphate compositions of 
the above method may contain other ingredients commonly 
employed In oral care formulations, such as bumectants, 
thickeners, preservatives, foaming agents, solubih'zcrs, 
adherence -enhancing agents, phosphatase enzyme inhibi- 
tors, antimicrobial agents, anucaries agents, tartar control 
agents, tooth desensitizing agents,, sweeteners, and fla- 
vorants. 

[0083] The carrier or dissemination means for the ascorbyl 
phosphate in the method above can be a liquid, gel, paste, 
cream, stick, chewing gum, or any other oral care vehicle as 
would be well known to those skilled in the art. The 
compositions of the above method may be applied or 
positioned into close proximity with an oral cavity surface 
by rinsing, brushing, spraying, or chewing. An oral cavity 
surface may be the surface of a tooth, the oral mucosal, the 
tongue, or even a surface temporarily exposed during * 
dcotal surgical procedure, such as a root canal or cavity 
excavation. Another means of applying the compositions of 
the above method onto an oral cavity surface is by placing 
the composition in a dental tray, on a strip, or on a patch, and 
then placing said dental tray, strip or patch in the oral cavity, 
preferably in direct contact with the oral cavity surfaces to 
be treated. 

EXAMPLE 4 

[0084] Denture Adhesive Comprising a Sodium/Calcium 
Mixed Salt of Ascorbyl-2-phosphate 

[0085] Useful compositions have been prepared thai dem- 
onstrate antioxidant activity when used as a denture adhe- 
sive to temporarily affix a denture to an oral mucosal surface. 
One example of such a denture adhesive is provided in the 
table below. 



Petrolatum 
MSaeraJOO 

Aaccifcyl-2 -phew plate, N*/C* nixed salt (Rovimix Stay-C 35) 
Hydra Ltd fflki 

Poly<melbyl vfcyl etfc ex/male* asfcydrifle), Nt/O mixed life 
CcDulose Oust 
Sodium Sacchani 
Methyl Parabeo 
Propyl Paxabes 




100.000 



What is claimed: 

1. An oral care composition comprising 

(a) an orally acceptable carrier, and 

(b) an ascorbyl-2 -phosphate compound having the fol- 
lowing structure, or a sodium or potassium salt thereof. 
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where □ b between 1 and 10. 

2. The composition of claim 1 wherein n Is X 

3. The composition of claim 1 wherein n Is 3. 

4. The composition of chim 1 wherein n is between 1 and 

5. 

5. The composition of claim 1 further including a source 
of cakium Ions. 



6. The composition of claim 1 mixed with saliva including 
b source of cakium ions. 1 

7. The composition of claim 1 wherein the ascorbyl 
phosphate is a5coroyl-2-monopbqsphate, ascorbyl-2- 
diphosphate, ascorbyl-2-tnpbospbatc, a5corbyl-2-porypbc«- 
pbate, or combinations thereof. . 

8. The composition of claim 1 which optionally, includes 
one or more of an anticaries agent, a tanar control agent, an 
antimicrobial agent, and a desensitizing agent 

9. The composition of claim 1 further including an 
ingredient promoting the adherence of the compound of 
formula I to the tooth or gums. 

10. The composition of claim 9 wherein the ingredient is 
a polymer. 



PENDING CLAIMS 

U.S. Patent Application 
10/434,597 

CLAIMS 

What is claimed is: 

• •• ' 

1. A method of tooth whitening, comprising: 

contacting a tooth surface of a patient with a tooth whitening composition having a pH 
between about 6.0 and about 1 2.0, wherein the tooth whitening composition comprises an 
oxidizing compound and an accelerator; and 

exposing the tooth surface to light energy. \ 

2. The method of claim 1, wherein the oxidizing compound is selected from the 
group consisting of hydrogen peroxide, carbamide peroxide, alkali metal peroxides, alkali metal 
percarbonates, and alkali metal perborates. 

3. The method of claim 1 , wherein the oxidizing compound comprises at least one of 
a peroxyacid compound or a peroxyacid precursor. 

4. The method of claim 3, wherein the peroxyacid precursor is selected from the 
group consisting of glyceryl triacetate, acetylated amino acids, acetylsalicylic acid, and 
N,N,N',NMetraacetyl ethylenediamine, vinyl acetate polymers and copolymers, acetylcholine, 
and other biologically acceptable acetylated compounds. 

5. The method of claim 1 , wherein the accelerator comprises an alkaline pH 
adjusting agent 

6. The method of claim 5, wherein the alkaline pH adjusting agent is selected from 
the group consisting of sodium hydroxide, potassium hydroxide, ammonium hydroxide, sodium 
carbonate, potassium carbonate, sodium phosphate di- and tri-basic, potassium phosphate di- and 
tri-basic, sodium tripolyphosphate, tris(hydroxymethyl)aminomethane, triethanolamine, and 
polyethylenimine. 

i 
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7. The method of claim 1 , wherein the tooth whitening composition further 
comprises a thickener. 

8. The method of claim 7, wherein the thickener is selected from the group • 

■ . ■ • • 

■ ; ... • 

consisting of carboxypoly methylene, polyacrylic acid polymers and copolymers, 
hydroxypropylcellulose, cellulose ethers, salts of poly(methyl vinyl ether-co-maleic anhydride), • 
polyvinyl pyrrolidone, poly(viny!pyrrolidone-co- vinyl acetate), silicon dioxide, fumed silica, and 
stearic acid esters. 

9. The method of claim 5, wherein the accelerator further comprises a buffer. 

1 0. The method of claim 9, wherein the buffer comprises gylcine. 

11. The method of claim 5, wherein the accelerator further comprises a surfactant 

1 2. The method of claim 1 1 , wherein the surfactant comprises a zwitterionic 
surfactant. 

13. The method of claim 1 1 , wherein the surfactant comprises glycine. 

14. A method of tooth whitening, comprising: 

contacting a tooth surface of a patient with an accelerator composition having a pH 
between about 6,0 and about 12.0; 

sequentially contacting the accelerator-treated tooth surface with an oxidizing 

composition; and 

thereafter exposing the tooth surface to light energy. 

15. The method of claim 14, wherein the oxidizing composition comprises an 
oxidizing compound. 
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16. The method of claim 15, wherein the oxidizing compound is selected from, the 
group consisting of hydrogen peroxide, carbamide peroxide, alkali metal peroxides, alkali metal 
percarbonates, and alkali metal perborates. 

1 7. The method of claim 1 5, wherein the oxidizing compound comprises at least one 
of a peroxyacid compound ot a peroxyacid precursor. 

18. The method of claim 1 7, wherein the peroxyacid precursor is selected from the 
group consisting of glyceryl triacetate, acetylated amino acids, acetylsalicylic acid, and 

_ JN^ f H' ? ^-ie4raaceiyl-emy-lenediamjne and copolymers, acetylcholine, 

and other biologically acceptable acetylated compounds. 

19. The method of claim 15, wherein the accelerator composition comprises an 

alkaline pH adjusting agent . 

20. The method of claim 1 9, wherein the alkaline pH adjusting agent, is selected from 
the group consisting of sodium hydroxide, potassium hydroxide, ammonium hydroxide, sodium 
carbonate, potassium carbonate, sodium phosphate di- and tri-basic, potassium phosphate di- and 
tri-basic, sodium tripolypbosphate, tris(hydroxymethyl)aminomethane, triethanol amine, and 
polyethylenimine. 

21 . The method of claim 1 4, wherein at least one of the accelerator composition and 
the oxidizing composition comprise a thickener. 

22. The method of claim 21 , wherein the thickener is selected from the group 
consisting of carboxypolymethylene, polyacrylic acid polymers and copolymers, 
hydroxypropylcellulose, cellulose ethers, salts of poly(methyl vinyl ether-co-maleic anhydride), 
polyvinyl pyrrolidone, poly(vinylpynolidone-co-vinyl acetate), silicon dioxide, fumed silica, and 
stearic acid esters. 
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23. The method of claim 1 9, wherein the accelerator composition further, comprises a 

buffer. 

24. The method of claim 23, wherein the buffer comprises gylcine.. 

25. The method of claim 23, wherein the accelerator composition comprises 
potassium hydroxide and glycine. 

26. The method of claim 1 9, wherein the accelerator composition further comprises a 

surfactant. 

27 _ ^ e - met b 0 fof-clairn^6rwte 

surfactant. '. 

28. The method of claim 27, wherein the surfactant comprises glycine. 

29. The method of claim 14, wherein the accelerator composition comprises a 
photosensitive agent. 

30. The method of claim 29, wherein the photosensitive agent comprises a metal- 
ligand complex that absorbs light in the range of from about 350 nm to about 700 nm. 

31. The method of claim 30, wherein the metal-ligand complex comprises ferrous 
chloride. 

32. The method of claim 29, wherein the photosensitive agent comprises a chelator. 

33. The method of claim 32, wherein the chelator is selected from the group 
consisting of ethylenediamine tetraacetic acid, diethylenetriamine pentaacetic acid, 
nhrilotriacetic acid, l-hydroxyethylidene-l.l-diphosphonic acid, ethylenediamine 
tetra(methylenephosphonic acid), and diethylenetriamine penta(methylenephosphonic acid),. 
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34. The method of claim 29, wherein the photosensitive agent is selected from the group ( 
consisting of sorbitol, xylitol, mannitol, rnaltitol, lactitol and other non-carboxylated 
polyhydroxy compounds 

35. The method of claim 29, wherein the photosensitive agent comprises 1- 
hydroxyethylidene-l,l-diphosphonic acid and ferrous chloride. 

36. The method of claim 1 9, wherein the accelerator composition further comprises a 
photosensitive agent. 

37. The method of claim 1 5, wherein the oxidizing compound is present in an amount 
. of from about 1 .0 % to about 40.0% by weight of the oxidizing composition. 

38. The method of claim 1 5, wherein the oxidizing compound is present in an amount 
of from about 1 0.0 % to about 20.0% by weight of the oxidizing composition. 

39. The method of claim 1 5, wherein the oxidizing compound is present in an amount 
of from about 20.0 % to about 30.0% by weight of the oxidizing composition. 

40. The method of claim 15, wherein the oxidizing compound is present in an amount 
of from about 30.0 % to about 40.0% by weight of the oxidizing composition. 

41. The method of claim 19, wherein the alkaline pH adjusting agent is present in an 
amount of from about 0.1 % to about 90.0 % by weight of the accelerator composition. 

42. The method of claim 1 9, wherein the alkaline pH adjusting agent is present in an 
amount of from about 1 .0 % to about 20.0 % by weight of the accelerator composition. 

43. The method of claim 1 9, wherein the alkaline pH adjusting agent is present in an 
amount of from about 1 .0 % to about 1 0.0 % by weigjrt of the accelerator composition. 
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44. The method of claim 14, wherein the oxidizing composition comprises hydrogen , 

•i 

peroxide and wherein the accelerator composition comprises potassium hydroxide, glycine, 
polyvinyl pyrrolidone, and water. 

45. The method of claim 14, wherein the oxidizing composition comprises hydrogen 
peroxide and wherein the accelerator composition comprises l-hydroxyethyliderie-1,1- 
diphosphonic acid, ferrous chloride, and water. 

46. A composition for accelerating whitening teeth, comprising: 

an al kaline pH adjusting a^ent; [ 

an aqueous carrier; and 

at least one performance enhancing adjuvant. 

47. The composition of claim 46, wherein the alkaline pH adjusting agent is selected 
from the group consisting of sodium hydroxide, potassium hydroxide/ammonium hydroxide, 
sodium carbonate, potassium carbonate, sodium phosphate di- and tri-basic, potassium phosphate 
di- and tri-basic, sodium tripolyphosphate, tris(hydroxyraethyl)aminomethane, triethanolamine, 

and poly ethyl enimine. 

48. The composition of claim 46, wherein the at least one performance enhancing 
adjuvant is selected from the group consisting of a buffer, a surfactant, a thickener, a film- 
forming ingredient, a penetration enhancer, and a desensitizing agent. 
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PENDING CLAIMS 

U.S. Patent Application 
10/456,205 

Pending Claims in 04163-00162 (Cont of 09/237,191) 

1. An oral care composition for activating a peroxidase system in an animal oral 
cavity, comprising: 

a non-aqueous or other wise substantially water- free dentifrice; . 

non-enzymatic, water-soluble, finely divided hydrogen peroxide precursor 
material incorporated within the dentifrice, the material capable of rapidly releasing an effective . 
amount of hydrogen peroxide for activating the peroxidase system in the oral cavity upon contact 
with an aqueous solution, the material coated or encapsulated by being dispersed in a water 
insoluble, non-hygroscopic, viscous fluid or in a film-forming, melt-processable waxy solid, the 
"fluid^r^lid^l&cTe _ d~ffom thTgroup consisfingof: Z . 

(a) liquid mineral oils, vegetable oils, fatty esters, silicone fluids, fluorinated 
hydrocarbons and fluorosilicones, or 

(b) solid mineral oils, vegetable oils, fatty esters, silicone fluids, fluorinated 
hydrocarbons, fluorosilicones, stearic acid, glycerin monosterate, paraffin wax, 
microcrystalline wax, and fatty alcohols, the fluid or solid being a non-solvent of the 
material; and 

a pH- adjusting agent capable of producing a selected pH of between about 4.0 and about 
6.5 in the aqueous solution. 

2. A composition according to claim 1, wherein the material is finely divided 
sodium percarbonate. 

3. A composition according to claim 1, wherein the material is finely divided 
carbamide peroxide. 

4. A composition according to claim 1, wherein the material is finely divided 
calcium peroxide. 

5. A composition according to claim 1 , further comprising an abrasive. 

i 

6. A composition according to claim 1 , further comprising a flavorant. 

PROPRIETARY 



Pending Claims in 04163-00162 (Cont. of 09/237,191) 

A composition according to claim 1 , further comprising a thickener. 
A composition according to claim 1, further comprising an alkali metal 

9. A composition according to claim 1 , further comprising a peroxidase enzyme. 

10. A process for manufacturing an oral care composition, comprising: 
.obtaining non-enzymatic, water-soluble,., finely divided., hydrogen peroxide 

precursor material, 

providing a non-aqueous or otherwise substantially water- free dentifrice, 
dispersing the finely divided hydrogen peroxide precursor material in a water 

insoluble, non-hygroscopic, viscous fluid or in a film-forming, melt-processable, waxy solid, the 

fluid or solid selected from the group consisting of: 

(a) liquid mineral oils, vegetable oils, fatty esters, silicone fluids, fluorinated 
hydrocarbons and fluorosilicones, or 

(b) solid mineral oils, vegetable oils, fatty esters, silicone fluids, fluorinated 
hydrocarbons, fluorosilicones, stearic acid, glycerin monosterate, paraffin wax, 
microcrystalline wax, and fatty alcohols, the fluid or solid being a non- solvent of the 
finely divided hydrogen peroxide precursor material, so as to coat or encapsulate the 
finely divided hydrogen peroxide precursor material, 

associating the finely divided hydrogen peroxide precursor material with a pH- 
adjusting agent capable of producing a selected pH of between about 4.0 and about 6.5 in an 

aqueous solution, and 

incorporating the associated material within the dentifrice. 

11. A method of activating a peroxidase system in an oral cavity of an animal, 
comprising: 

selecting non- enzymatic, water-soluble, finely divided hydrogen peroxide 
precursor material capable of rapidly releasing an effective amount of hydrogen peroxide for 



7. 
8. 

thiocyanate. 
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activating the peroxidase system in the oral cavity upon contact with an aqueous solution, the 
material coated or encapsulated by being dispersed in a water insoluble, non-hygroscopic,., 
viscous fluid or in a film-forming, melt-processable, waxy solid, the fluid or solid selected from 

the group consisting of: 

(a) liquid mineral oils, vegetable oils, fatty esters, silicone fluids, fluorinated 

hydrocarbons and fluorosilicones, or 

(b) solid mineral oils, vegetable oils, fatty esters, silicone fluids, fluorinated 
hydrocarbons, fluorosilicones, stearic acid, glycerin monosterate, paraffin waxy 
microcrystalline wax, and fatty alcohols, the fluid or solid being a non-solvent of the 

materrah 

mixing the material with a pH- adjusting agent capable of producing a selected pH 

of between about 4.0 and about 6.5 in the aqueous solution, and 

administering to the oral cavity, the material and pH-adjusting agent incorporated 
within a non-aqueous or otherwise substantially water- free dentifrice. 
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Liquid Binder 



Ethyl methacrylate 
Hydraryethyl methacrylate 
Ethylene glycol dimethacrylato 
N^-dimetbyl-p-toluidine 

Total 



(84D0 - X)% 
XO00 
6\00 
X 

100.00 



Polymeric Filler 



Poly(cthyl-co-me'tbyl (100D0 - Y)% 

methacrylate) (7030 mole ratio) 

Benzoyl peroxide Y 

Total I 00 - 00 
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Polymerization- 



Example 


X 


Y 


Time 

(seconds) 


Yellowing 


Q 


1J00 


\AQ 


200 


7 


R 


0.80 . 


1.12 


210 


6 


S 


0.60 


084 


270 


5 


T 


0.40 


0.56 


500 


3 



20 



25 



30 



A comparison of Examples P and S above, which utilize 
the same levels of benzoyl peroxide and N,N-dimethyl-p- 
toluidine, effectively demonstrates the accelerating proper- 
ties of the hydroxyl-containing compound, hydroxyethyi 
methacrylate. Thus, faster polymerization times are obtain- 35 
able by the present inventive compositions at given levels of 
organic peroxide and tertiary amine, and, conversely, less 
yellowing is observed at equivalent polymerization times, as 
evidenced by a comparison of Examples S and L. 

The following example represents a preferred embodi 
ment of the present invention. 



Liquid Binder 


Amount ■ 




Ethyl memacrylate 
Hydroxyethyl methacrylate 
Ethylene glycol dimethacrylate 
N,N-dinjetlyl-p-tolui<fiae 
TmuvinP 


82.20% 
IOjOO 
6.00 
O80 
1X30 




Total 


100.00% 


50 


Polymeric Filler 




55 


Poly(ethyl-co- methyl methacrylate) 
(70:30 mole ratio) 
Benzoyl peroxide 


98.88% 
M2 






100.00% 


60 



The composition above, when combined in a ratio of 1.00 
parts liquid binder to 2.70 parts polymeric filler, has a 
polymerization time of 210 seconds and a yellowing index 
score of 2. 



Also contemplated within the scope of the present inven- 
tion are compositions similar to the examples outlined 
above, but intended for use as self-polymerizing dental 
polymers, such as those utilized far denture, crown and 
bridge work. 

What is claimed is: 

1. An artificial fingernail composition consisting essen- 
tially of: 

(i) a liquid binder, by total weight 

(a) from about 10 percent to about 95 percent of a 
methacrylate monomer selected from the group con- 
sisting of ethyl methacrylate, n-butyl methacrylate, 
isobutyl methacrylate, n-propyl methacrylate, iso- 
propyl methacrylate, tert-butyl methacrylate, and 
combinations thereof, 

(b) from about 1 percent to about 50 percent of a 
saturated alcohol compound selected from the group 
consisting of hydroxypropyl methacrylate, hydroxy- 
butyl methacrylate, propylene glycol monomethyl 
ether, diethylene glycol monomethyl ether, isopropyl 
alcohol, propylene glycol, 1,4-butylene glycol, neo- 
pentyl glycol monomethacrylate, and combinations 
thereof, 

(c) from about 0.1 percent to about 5.0 percent of a 
tertiary amine polymerization accelerator, selected 
from the group consisting of N,N-dimethyl-p- 
toluidine, NJST-dihydroxyethyl-p-touidine, N,N- 
dimethyl aniline, and 4-(dimemylamino)phenethyl 
alcohol, and 

(d) from about 1 percent to about 80 percent of a 
di-,tri-, or multi-functional memacrylate crosslinker 
selected from the group consisting of ethylene allyl 
dimethacrylate, diethylene glycol dimethacrylate, 
triethylene glycol dimethacrylate, tetraethylene gly- 
col dimethacrylate,. poly(ethylene glycol) 
dimethacrylate, 1,3-butanediol dimethacrylate, 1,4- 
butanediol dimethacrylate, 1,6-hexanediol 
dimethacrylate, 1.12-dodecanediol dimethacrylate, 
neopentyl glycol dimethacrylate trimethylolpropane 
trimethacrylate, and combinations thereof; and 

(ii) a polymeric filler portion , by dry weight of filler: 

(a) from about 95 percent to about 99.9 percent of a 
finely divided polymer selected from the group 
including, but, not limited to, poly(ethyl 
methacrylate), poly(methyl methacrylate), poly 
(ethyl-co-methyl methacrylate), poly(butyl 
methacrylate), poly(methyl-co-butyl methacrylate), 
poly(vinyl acetate), polyvinyl butyral) and poly 
(ethyl-co-butyl methacrylate) and mixtures thereof, 

(b) from about 0.1 percent to about 5.0 percent of an 
organic peroxide polymerization initiator. . 

2. The artificial fingernail composition of claim 1, said 
liquid binder further consisting of one of butylated hydroxy- 
toluene (BHT) and methyl ether of hydroquinone (MEHQ). 

3. The artificial fingernail composition of claim 1, said 
liquid binder further consisting of one of ultraviolet light 
stabilizers 2(2 , -hydroxy-5'-methyl phenyl) benzotriazole 
and 2-hydroxy-4-methoxybenzophenone. 

4. The artificial fingernail composition of claim 1, said 
liquid binder further consisting of a dye. 

5. The artificial fingernail composition of claim 1, said 
polymeric filler portion further consisting of additives 
selected from pigments, secondary .polymers, and flow 
modifiers. 
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of curvature for the tray's surfaces 110 and 115 be less than 
25 centimeters. 

FIG. 3 is a side cross-sectional view of the duplex dental 
tray of FIG. 1 along line 3—3. FIG. 3 also shows the anterior 
curved surface 100 and a posterior curved surface 115 being 
connected to opposite sides of connector 130. FIG. 4 is a 
front view of the duplex dental tray of the present invention 
when worn by a person. In FIG. 4, teeth 300 are in the 
duplex dental tray 305. 

FIG. 5 is a top cross-sectional view of the duplex dental 
tray of FIG. 4 along line 5 — 5. FIG. 5 also illustrates the 
insertion of the duplex dental tray 305 onto the teeth 300. As 
can be seen in FIG. 5, the duplex dental tray 305 before 
being placed onto the teeth 300 is curved more than the jaw. 
Once placed on the teeth 300, the duplex dental tray 305 is 
bent so as to conform to the curvature of the jaw. The flexing 
of the duplex dental tray 305 in order to conform it to the 
curvature of the jaw creates tension at the points indicated by 
the arrows 500 since the duplex dental tray is elastic and 
therefore resists the decrease in curvature. The tension 
created by the tray's elasticity helps support the tray in its 
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2. A method as set forth in claim 1, wherein in the step of 
providing, the radius of curvature of each of the upper and 
lower troughs is smaller than that of the dentition of the user. 

3. A method of therapeutically treating teeth of a user 
comprising: 

providing a dental tray having two surfaces, each surface 
having a radius of curvature different from that of a 
dentition of the user, and a connector joining the two 
surfaces, wherein the connector and the surfaces are 
integrally molded to define an upper trough and a lower 
trough, each with a radius of curvature different from 
that of the dentition of the user, so that, when the tray 
is inserted into the user's mouth, the surfaces apply 
pressure against tooth surfaces of the user; 

depositing a dentally therapeutic composition within the 
upper and lower troughs of the tray; and 

placing the tray and dentally therapeutic composition in a 
patient's mouth. 

4. A method as set forth in claim 3, wherein in the step of 
providing, the radius of curvature of each of the upper and 
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positionwhen wornas the tension pushes the tray against the lower troughsissmallerlhan that of the dentition of the user, 
patient's teeth. This tension also ensures contact of the 
buccal tooth surfaces with the composition placed in the 
upper and lower dental trays. 

FIG. 6 is a side cross- sectional view of the duplex dental 
tray of FIG. 4 along line 6 — 6. In FIG. 6, tooth 600 is in the 
upper dental tray of the duplex dental tray which is defined 
by the upper anterior segment 105, the upper posterior 
segment 120 and the connector 130. Tooth 605 is in the 
lower dental tray of the duplex dental tray which is defined 
by the lower anterior segment 110, the lower posterior 
segment 125 and the connector 130. The bleaching agent 
610, which is preferably a peroxide gel (such as, for 
example, the peroxide gel described in U.S. Pal. No. 5,290, 
566, or alternatively a composition described in concur- 
rently filed provisional application entitled "Improved 
Method of Whitening Teeth" for an invention by Robert E. 
Montgomery and bearing attorney docket number 1910/110) 
occupies the space between the teeth and the duplex dental 
tray. 

Also contemplated to be within the scope of the present 
invention is the use of the flexible tray as a reservoir for 
dentally therapeutic compositions, such as fluoride gels. 

The above description of the drawings provides details of 45 
the preferred embodiment of the present invention. It is of 
course apparent that the present invention is not limited to 
the detailed description set forth above. Various changes and 
modifications of this invention as described will be apparent 
to those skilled in the art without departing from the spirit 
and scope of this invention as defined in the following 
claims. 

What is claimed is: 

1. A method of bleaching teeth of a user comprising: 
providing a dental tray having two surfaces, each surface 

having a radius of curvature different from that of a 

dentition of the user, and a connector joining the two 

surfaces, wherein the connector and the surfaces are 

integrally molded to define an upper trough and a lower 

trough, each with a radius of curvature different from 

that of the dentition of the user, so that, when the tray 

is inserted into the user's mouth, the surfaces apply 

pressure against tooth surfaces of the user; 
depositing a tooth bleaching composition within the upper 

and lower troughs of the tray; and 
placing the tray and bleaching composition in the user's 

mouth. 
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5. A method of bleaching teeth comprising: 

(a) providing a flexible duplex tray having: 
an anterior surface having a radius of curvature smaller 

than that of the dentition of a patient and comprising 
an anterior upper segment and an anterior lower 
segment; 

a posterior surface having a radius of curvature smaller 
than that of the dentition of the intended patient and 
comprising a posterior upper segment and a posterior 
lower segment; and 
a connector integrally molded with the anterior and 

posterior surfaces; 
wherein the anterior surface is curved towards the 
posterior surface while the posterior surface is 
curved away from the anterior surface and further 
wherein the anterior surface is spaced a distance 
away from the posterior surface, such that the ante- 
rior upper segment and the posterior upper segment 
form an upper dental trough, while the anterior lower 
segment and the posterior lower segment form a 
lower dental trough; 

(b) depositing a tooth bleaching composition within both 
the upper and lower dental troughs of the flexible 
duplex tray; and 

(c) placing said flexible duplex tray and bleaching com- 
position in a patient's mouth. 

6. A method of therapeutically treating teeth comprising: 
(a) providing a flexible duplex tray having: 

an anterior surface having a radius of curvature smaller 
than that of the dentition of a patient and comprising 
an anterior upper segment and an anterior lower 
segment; 

a posterior surface having a radius of curvature smaller 
than that of the dentition of the intended patient and 
comprising a posterior upper segment and a posterior 
lower segment; and 
a connector integrally molded with the anterior and 

posterior surfaces; 
wherein the anterior surface is curved towards the 
posterior surface while the posterior surface is 
curved away from the anterior surface and further 
wherein the anterior surface is spaced a distance 
away from the posterior surface, such that the ante- 
rior upper segment and the posterior upper segment 
form an upper dental trough, while the anterior lower 
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segment and the posterior lower segment form a 
lower dental trough; 

(b) depositing a dentally therapeutic composition within 
both the upper and lower dental troughs of the flexible 
duplex tray; and 

(c) placing said flexible duplex tray and dentally thera- 
peutic composition in a patient's mouth. 

7. A method of bleaching teeth of a user comprising: 
providing a dental tray integrally molded from a resilient, 
flexible thermoplastic material and defining an upper 
trough and a lower trough, each having an anterior 
portion and a posterior portion, each portion having a 
radius of curvature different from that of the dentition 
of the user, such that when the tray is inserted into the 
user's mouth, the portions apply pressure against tooth 
surfaces of the user, 
depositing a tooth bleaching composition within the upper 

and lower troughs of the tray; and 
placing the tray and bleaching composition in the user's 20 
mouth.- 
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8. A method of therapeutically treating teeth of a user 
comprising: 

providing a dental tray integrally molded from a resilient, 
flexible thermoplastic material and defining an upper 25 
trough and a lower trough, each having an anterior 
portion and a posterior portion, each portion having a 
radius of curvature different from that of the dentition 
of the user, such that when the tray is inserted into the 
user's mouth, the portions apply pressure against tooth 30 
surfaces of the user; 

depositing a dentally therapeutic composition within the 
upper and lower troughs of the tray; and 

placing the tray and dentally therapeutic composition in a 35 
patient's mouth. 

9. A method of bleaching teeth comprising: 
(a) providing a flexible duplex tray having: 

an anterior surface having a radius of curvature differ- 
ent than that of the dentition of a user and comprising 40 
an anterior upper segment and an anterior lower 
segment; 

a posterior surface having a radius of curvature smaller 
than that of the dentition of the user and comprising 
a posterior upper segment and a posterior lower 
segment; and 



a connector joining the anterior and posterior surfaces 
and having a width larger than that of the dentition 
of the user, 

wherein the anterior surface is curved towards the 
posterior surface while the posterior surface is 
curved away from the anterior surface and further 
wherein the anterior surface is spaced from the 
posterior surface by a distance of the width of the 
connector, such that the anterior upper segment and 
the posterior upper segment form an upper dental 
trough, while the anterior lower segment and the 
posterior lower segment form a lower dental trough; 

(b) depositing a tooth bleaching composition within both 
the upper and lower dental troughs of the flexible 
duplex tray; and 

(c) placing said flexible duplex tray and bleaching com- 
position in a patient's mouth. 

10. A method of therapeutically treating teeth comprising: 

(a) providing a flexible duplex tray having: 

an anterior surface having a radius of curvature differ- 
ent than that of the dentition of a user and comprising 
an anterior upper segment^nd^an "anterior lower 
segment; 

a posterior surface having a radius of curvature smaller 
than that of the dentition of the user and comprising 
a posterior upper segment and a posterior lower 
segment; and 

a connector joining the anterior and posterior surfaces 
and having a width larger than that of the dentition 
of the user; 

wherein the anterior surface is curved towards the 
posterior surface while the posterior surface is 
curved away from the anterior surface and further 
wherein the anterior surface is spaced from the 
posterior surface by a distance of the width of the 
connector, such that the anterior upper segment and 
the posterior upper segment form an upper dental 
trough, while the anterior lower segment and the 
posterior lower segment form a lower dental trough; 

(b) depositing a dentally therapeutic composition within 
both the upper and lower dental troughs of the flexible 
duplex tray; and 

(c) placing said flexible duplex tray and dentally thera- 
peutic composition in a patient's mouth. 
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TABLE 3-continued 



EXAMPLE ID 
(M CUTER) 


H.Oj (theoretical) 
(MICROMOLES/UTER) 


H 2 O a (actual) 
(MICRO MOLES/LITER) 


pH 


OSCN 
(MlCROMOLES/LrTER) 
NO ADDED SCK- 


OSCN 
(MICROMOLES/UTER) 
SCN- @ 1 MILLl MOLAR 


6.000 
10,000 
20,000 
40,000 
1 00,000 


4,764 
7,941 
15.882 
31.764 
79,410 


3,890 
6,920 
13,202 
29,990 
78,540 


60S 
60S 
606 
60S 
60S 


301 
213 
110 
93 
37 


690 
663 
272 
160 
90 



Example HI: 

Hypothiocyanite Ion concentrations resulting from an oral 
composition on chewing gum 

The composition of sample ID was applied to the surface 
of 3.0 gram sticks of chewing gum at a coating rate of 0.05% 
b y weight of gum in order to produce chewing gum which 
was capable of generating hydrogen peroxide upon contact 
with saliva, in addition to providing for a salivary pH 
adjustment to about 6.0. 

One slick of Sample ID-coated chewing gum (3.05 
grams) was broken into small pieces and vortexed with 3.05 
grams of distilled water for 15 seconds. At exactly the 15 
second point, a sample of the resulting fluid was assayed for 
hydrogen peroxide and pH as in Example I. The fluid 
contained a hydrogen peroxide concentration of 360 micro- 
molar and the fluid pH was 6.03. 

Saliva samples from- five subjects, ages 25-45, were 
collected as above, but rather than being pooled, were 
assayed individually for bypothiocy anile ion concentrations. 
The results are recorded below. The same volunteers were 
then asked to chew the coated chewing gum samples for a 
period of 2 minutes*. Their saliva was collected again, and 
their salivary hypoihiocyanite ion levels recorded. (Table 4). 
The results show a remarkable ability of the inventive 
composition to impart salivary peroxidase- activating prop- 
erties to the chewing gum. 
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spray process to prevent the settling out of the solids. The 
sprayed rawhide chews were dried at room temperature for 
24 hours, during which time the initial surface gloss 
observed on the freshly sprayed chews disappeared. 

In order to determine the ability of the spray-coated 
rawhide chew to generate pH- adjusted hydrogen peroxide 

upon contact with water, single chews cut iDtoJfcmt^neces 

20 and weighed. An equivalent amount of distilled water was 
weighed out and the coated chews vortexed in the water for 
15 seconds. The "chew fluid"" contained a hydrogen peroxide 
concentration of 6.53 millimolar al a pH of 5.84 at 25° C. 

25 Example V: 

Delivery of the oral composition in a gel 

An anhydrous carbamide peroxide gel composition was 
prepared in order to demonstrate anoiher option for delivery 
of the composition to the oral cavity. . 
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TABLE 6 



COMPONENT 



AMOUNT 



TABLE 4 


SUBJECT 


OSCN BEFORE 


OSCN AFTER 


1 


29 micro molar 


234 micro mo tax 


2 


56 micro molar 


198 micro molar 


3 


45 micro molar 


260 micro motor 


4. 


39 micro motir 


252 micro moUr 


S 


28 micro moUr 


208 micro motat 
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Glycerine 99.7% USP 93.45 grins 

Carbopol 980 NF (BF Goodrich) 2.00 grama 

Carbamide Peroxide (Degusaa) USF 0.05 gram* 

DistDled Waixr 3.00 grama 

Tr»(bydroxymcth)1>mii»methaoe USP 1 JO grama 

TOTAL 100 grains 



Example IV: 

Hydrogen peroxide concentrations resulting from an oral 
composition on a rawhide chew 

A rawhide animal cbcw was prepared by taking 10 pounds 
of dried, unbasted rawhide chews, approximately 2 inches 
wide by 6 inches in length, and spray coating them at a 1.0 
percent coaling rale with the following composilion, 



TABLE 5 


COMPONENT 


AMOUNT 


Light Mistral Oil USP 


87 grama 


Sodium PercarbooBte (Solvay - FBI 00) 


10 grams 


Malic Acid (Powder FCC) 


3 grama 


TOTAL 


100 grama 



The Carbopol 980 NF was dispersed under high shear in 
the Glycerine 99.7% USP and subsequently de aerated.. The 
Carbamide Peroxide was Ibcn dissolved in this mixture 
under low shear mixing. The Tris(hydroxymethyl) 
aminomethane was dissolved in the Distilled Water, and this 
phase dispersed into the main phase under 28" Hg vacuum 
in order to avoid entrapment of air. The resulting gel was 
highly viscous and transparent 

In the above composition, the tris (hydroxy me ihyl) ami- 
nometbane USP serves as both a neulralizer for thickening 
the acidic carboxypolymctbylcne (Carbopol 980 NF) and as 
an alkalizer to provide a suitable peroxidase -active pH 
during the use of this product The pH of a 1:5 dilution (1 
part Example V to 5 pans Distilled Water) is 5.4, and the 
dilution showed a hydrogen peroxide concentration of 969 
micromotes per liter. 
I claim: 

1. An of*l care composition for activating a peroxidase 
$0 system in an animal oral cavity, comprising: 

a dry, non-aqueous or otherwise substantially water-free 
chewable carrier selected from the group consisting of 
chewing gum and animal rawhide chew; 
alkali metal percarbonate particles deposited on or 
65 the carrier and actio© — J 
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The above components were slurried until a fine disper- 
sion of solids was obtained. Agitation continued during ti> 
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oxidase system id the oral cavity upon contact with an 
aqueous solution, the pcrcarbonate particles coated or 
encapsulated by being dispersed in a water insoluble, 
non -hygroscopic, viscous fluid or in a film-forming, 
mell-proccssablc waxy solid, the fluid or solid selected 
fjom the group consisting ot 

(a) liquid mineral oils, vegetable oils, fatty esters, 
silicone fluids, fluorinated hydrocarbons and 
fluorosilicones, or (b) solid mineral oils, vegetable 
oils, fatty esters, silicone fluids, fluorinated 
hydrocarbons, fluorosiUcones, stearic acid, glycerin 
monosterate, paraffin wax, microcrystalline wax, and 
fatty alcohols, the fluid or solid being a non-solvent 
of the percarbooate particles; and 
a pH-adjusting agent capable of producing a selected pH 
of between about 4.0 and about 6.5 in the aqueous 
solution for facilitating the rapid release of the hydro- 
gen peroxide from the alkali metal pcrcarbonate, and 
the activation of the peroxidase enzyme in the oral 
cavity. 

2. The composition of claim 1, wherein the alkali metal 
percarbooate is sodium percarbonate. 

3. A process for manufacturing an oral care composition, 
comprising: 

(a) obtaining particles of an alkali metal percarbonate; 

(b) providing a dry, non-aqueous or otherwise substan- 
tially water-free chewable carrier selected from the 
group consisting of chewing gum and animal rawhide 
chew; 

(c) dispersing the pcrcarbonate particles in a water 
insoluble, non -hygroscopic, viscous fluid or in a film- 
forming, melt-processable waxy solid, the .fluid or solid 
selected from the group consisting of: (a) liquid mineral 
oils, vegetable oils, fatty esters, silicone fluids, fluori- 
nated hydrocarbons and fluorosilicones, or (b) solid 
mineral oils, vegetable oils, fatty esters, silicone fluids, 
fluorinated hydrocarbons, fluorosilicones, stearic acid, 
glycerin monosterate, paraffin wax, microcrystalline 
wax, and fatty alcohols, the fluid or solid being a 
non- solvent of the percarbonate particles, so as to coat 
or encapsulate the pcrcarbonate particles; 

(d) associating the pcrcarbonate particles with a 
pH-adjusting agent, that is capable of producing a 



4. A method of activating a peroxidase system in an oral 
cavity of an animal, comprising; 

(a) selecting alkali metal percarbonate particles capable of 
rapidly releasing an effective amount of hydrogen 
peroxide for activating the peroxidase system in the 
oral cavity upon contact with an aqueous solution, the 
percarbonate particles coated or encapsulated by being 
dispersed in a water insoluble, non-hygroscopic, vis- 
cous fluid or in a film-forming, melt-processable waxy , 
solid, the fluid or solid selected from the group con- 
sisting ofc 

(a) liquid mineral oils, vegetable oils, fatty esters, 
silicone fluids, fluorinated hydrocarbons and 
fluorosilicones, or (b) solid mineral oils, vegetable 
oils, fatty esters, silicone fluids, fluorinated 
hydrocarbons, fluorosilicones, stearic acid, glycerin 
monosterate, paraffin wax, microcrystalline wax, and 
fatty alcohols, the fluid or solid being a non-solvent 
of the percarbonate particles, 
20 — (b) mixing tbe-parlicles with apH-adjusting agent capable 
of producing a selected pH in the aqueous solution for 
facilitating the rapid release of the hydrogen peroxide 
and the activation of the peroxidase enzyme in the oral 
cavity, and 

25 ( c ) administering to the oral cavity, the precursor and 
pH-adjusting agent deposited on or within a dry, non- 
aqueous or otherwise substantially water-free chewable 
carrier selected from the group consisting of chewing 
gum and animal rawhide chew. 
30 5. An oral care composition according to claim 1, wherein 
the alkali metal percarbonate has a concentration of less than 
about 0.1% by weight of the total composition. 

6. A process for manufacturing an oral care composition 
according to claim 3, wherein the alkali metal percarbonate 
has a concentration of less than about 0.1% by weight of the 
total composition. • ' 

7. A method of activating a peroxidase system in an oral 
cavity of an animal according to claim 4, wherein the alkali 
metal percarbonate has a concentration of less than about 

*0 0.1% by weight of the total composition. 

8. A process for manufacturing an oral care composition 
according to claim 3, wherein the alkali metal percarbonate 
is sodium percarbonate. m 

A method of activating a peroxidase system in an oral 
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pH-adjusting agent, mat is capaoie oi piuuucujg • 9. /\ mciuuu u* - j,-.™-™ -v— — — — - --; 

selected pH of between about 4.0 and about 6 J in an 45 cavity of an animal according to claim 4, wherein the alkau 

aqueous solution; and metal pcrcarbonate is sodium pcrcarbonate. 

(c) depositing the associated particles on or within the * ♦ • • 
carrier. 



5,922,307 

7 8 

Sarcina luita, for a period of about four days). Each stained hydrogen peroxide and urea is released following dissocu- 

bovine incisor was numbered and measured for degree of tion of carbamide peroxide. 

staioing (color by the CIELAB protocol) with a MinolU EXAMPLE 5 ' 

averaging, outliers discarded). Inc sors were 5 six volumeeB 8ged 25 to 43 were separated into two 

different tooib-bleaching composiUons in the tables above. ^ * m ^ fof 

in addition to a commercially available carbamide peroxide groups «» ■ « .u« , 

composition (Opalescence 10% Carbamide Peroxide GeL participant in the study. ■■ ^ 

7Z *^ « . * , t V . . . , . One group was civen an unm a rked 2 oz. rube containing 

W^Sf-"^"^^**^,^?^ , fl , be coiposftion of Example IB and instruced to place . 
^ite iDcbor wteteenel^Umwiei. ^u^ 10 «g f om P f l00lW & ach ; maIeria , & ttay , 

me tooth was rinsed clean of any gel residue with distdled ™»™ Uay ovel tbe teelh , lea ve the tray in pUce 
water and swabbed with sabva. Tbe degree of stain remoyri J ' ^ ^ 

was thereafter immediately determmed by measuring >e ™ ™™ D wict , d { „ one week> for a £„, of 14 

defined as the square root of the sum of the squares of all ^ ^ sn ^ wU rf 

color components (L, a, and b). Opalescence 10% Carbamide Peroxide tooth-bleacbing gel 

vi(AZ.) , *(4<i) , *(Afc)'>.«£ and instructed as above, with tbe exception of the duration 



TABLE 4 



p H Initial Color Fiial Color 

Tooihf Piodua/Eximpta (ocil) L « > L » b SE 



1 


Opalescence 


6.5 


41.79 


3.17 


11.78 


4439 


256 


11.70 


251 


2 


Example 3 


45 


3934 


459 


12.00 


4356 


4.47 


1054 


4.29 


3 


IE 


6.0 


40.44 


4.41 


9.53 


46 32 


3.48 


734 


637 


4 


1A 


7.0 


36.02 


3J4 


10.10 


4157 


259 


8.28 


651 


5 


IB 


7.0 


38.81 


3.98 


1138 


45.92 


138 


8.81 


7.73 


6 


1C 


7.0 


36.90 


4.05 


1161 


44.11 


145 


1053 


7.67 


7 


ID 


8.0 


4155 


3.67 


1051 


49.77 


1.26 


7.82 


8.98 


8 


IF 


6.5 


38.55 


3X1 


10.87 


44.78 


3.67 


930 


652 


9 


lO 


85 


4036 


4.59 


9.93 


48.28 


3.13 


757 


838 


10 


Example 2 


9.0 


36.49 


4i)0 


1X64 


4453 


2.20 


10.63 


8.78 



This table shows the effect of pH on tooth bleaching. As of the bleaching procedure to be 60 minutes. Patients were 

shown for tooth #2 treated with the formulation of Example instructed to repeat the procedure twice a day for one week, 

3 and tooth #3 treated with tbe formulation of IE in Example for a total of 14 treatments and 840 minutes total tooth- 
1, the increase in pH from 43(2) to 6.0(3) results in an ^ bleaching exposure lime, 
increased AE from 4.29 to 6.27. ■ 

The table further shows the positive effect of the calcium ■ 

chelating agent on tooth bleaching. For example, for 1A. IB. The results of direct too* surface (upper left centre! 

and 1C (all at pH 7.0), 1A lacked a calcium chelating agent incisor) color measurements, both before and after treatment 

whereas IB and 1C contained a chelating agent There was (as in Example 5 above), are recorded in the Tabic 5 below. 



TABLE 5 



Petit* Treatment tnMil Color Fti^ Cofoi 

f Product/Example Time (mioutci) Lab L ■ b AE 



j ib 280 . 53.76 4.65 11.65 6034 057 8 JO 846 

2 IB 280 49.42 257 9.48 5659 0.46 738 8.25 

J IB 280 51.26 233 835 55.63 0*7 459 5.65 

4 Opeltscem 840 5178 1.75 634 5736 1-42 110 604 

5 OD»lt*ceitt 840 5635 1.79 531 59.13 0.63 144 4.09 

6 OpaHiceoOi 840 55.71 172 730 58.60 1.09. 4.73 4JT 



an observed improvement in A E in the presence of the The average AE for the Example IB group was 732, 

r ^ , ... .60 whereas the average AE for the Opalescence group was 4.73. 

chelating agent The best tooth -bleaching results were ™^ 

obtained at the highest pH, namely, in this experiment, pH fc substaDl ; a n y improved degree of tooth bleaching in t 

8.0 and pH 9.0. shorter exposure time than a prior art composition. 

Opalescence is a commercial product which has been pH I claim: 

adjusted to pH 65 before use but shows a poor performance 65 1. A method for bleaching a tooth surface, comprising, 

with regard to color change over the lime of the experiment providing a composition consisting essentially of 

It is proposed that the pH of tbe formulation is lowered as hydrogen peroxide, and 
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a matrix for carrying ibc hydrogen peroxide, the matrix 7. A mclbod for bleaching a tooth surface, comprising: 

having providing a composition containing 

a water content greater tban.70% by weight, based on hydrogen peroxide, and 

the weight of the composition, * matrix carrying the hydrogen peroxide, the matrix 

a thickening agent, 5 having • _ . . ' 

an alkaline pH adjusting agent, and • ■ water content greater than 70% by weight, base 00 

a calcium chelating agent, the weight of the composition, 

wherein the pH of the composition during the bleaching » llu i ckc i mD 8 a S em »' # ' 

mi ir*? coDS,anl wi,biD 8 rBD8e of 10 » SiSsiBtA 

6.0-10.0, and wherein the pH of the tooth-bleaching composition 

applying the composition to the looib surface. during the bleaching process is substantially constant 

2. The method according to claim 1, wherein the water. . v,\)hm a ra0 g e 0 f 6.O-10.0; 

content is at least 75% by weight, based on the weight of the Packing the composition as a one-component system 

composition. 15 wherein the matrix is sufficiently pure in order to avoid 

3. The method according to claim 1, further including peroxide dcstabili2ation by metal ion contaminants; and 
placing the composition in a denial tray prior to applying the applying the composition to the tooth surface. ^ 
composition to the tooth surface. 8. The method according to claim 7, wherein the water 

4. The method according to claim 1, wherein the matrix content is at least 75% by weight, based on the weight of the 
is sufficiently pure in order to avoid peroxide destabilization 20 composition. 

by metal ion contaminants, so as to permit packaging as a 9. The method according to claim 8, further including: 

one-component system. placing the composition in a dental tray prior to applying 

5 The method according to claim 1, wherein the compo- the composition to the tooth surface, 

sition has a pH in the range of 7.0 -10.0. 10. The method according to claim 9. wherein the com- 

6. The method according to claim 5, wherein the water 25 position has a pH in the range of 7.0 -10.0. 
content is at least 75% by weight, based on the weight of the 
composition. . 



5,944,528 



8 



TABLE 1 



Bovine 

Icciior # Treatme* 


Initial Color * . 


Final Color 


AE 


L 


• 


b 


L 


t 


b 


1 CDP only . 


45.38 


3.68 


10.42 


47.11 


3.21 


10.09 


ISl 


2 A CD only 


54.50 


-1.80 


0.90 


56.10 


-150 


1.40 


1.68 


3 CDP/ACD 


4198 


3.60 


1130 


48.57 


1.85 


10.03 


6.16 


4 CDP/ACD 


38.27 


5.31 


11.08 


46.51 


4.61 


13.91 


8.55 


5 CDP/ACD 


35.62 


4.46 


9.48 


38.94 


3.65 


9.60 


3.42 


6 CDP/ACD 


40.91 


3.94 


11.08 


4430 


3.07 


10.22 


3.69 


7 CDP/ACD 


4155 


3.51 


10.09 


48.92 


102 


934 


5.83 



10 



15 



20 



This tabic demonstrates that the inventive compositions, 
when applied as described above, are effective in removing 
tooth stains in an vitro stained bovine enamel model. The 
observed tooth whileoing effect is much greater, when the 
CDP and ADP portions are both applied, than when cither 
just the CDP Portion or the ACD Portion is applied. 

What is claimed is: 

1. A method for oxidizing tooth -staining chromogens to 
whiten teeth, the method comprising; 

(a) providing a first formulation having a chlorine dioxide 
precursor, the first formulation having a pH greater than 
approximately 7.0, and a second formulation having an 
acidulant capable of generating chlorine dioxide upon 
contact with the precursor, the second formulation 
being a gel having a gel pH of between approximately 
3,0 and approximately 6.0; 

(b) applying the first formulation to a tooth in a subject's 
mouth; 

(c) putting the second formulation into a dental tray; 

(d) inserting the dental tray containing the second formu- 
lation into the subject's mouth, so as to generate a 35 
chlorine dioxide film at an interface between the pre- 
cursor and the acidulant proximate the tooth; and 

(e) removing the dental tray after the tooth has been 
exposed to chlorine dioxide generated proximate to the 
tooth for a time period of between approximately five 40 
minutes and approximately sixty minutes. 

2. A method according to claim 1, wherein the first 
formulation is a liquid, the liquid having a liquid pR. 

3. A method according to claim 2, wherein the chlorine 
dioxide precursor is an alkali metal chlorite. «S 

4. A method according to claim 3, wherein the chlorine 
dioxide precursor is sodium chlorite. 

5. A method according to claim 4, wherein the liquid pH 
is between approximately IS and approximately 9.0. 

k. A method according to claim 5, wherein the liquid is 50 
aqueous. 

7. A method according to claim 1, wherein the second 
formulation has an aqueous carrier and a polymeric, water 



soluble acidulant, the acidulant having a molecular weight 
greater than approximately 100,000. 

8. A method according to claim 2, wherein the second 
formulation has an aqueous carrier and a polymeric, water 
soluble acidulant, the acidulant having a molecular weight 
greater than approximately 100,000. 

9. A method according to claim 1, wherein the acidulant 
is selected from the group consisting of citric acid, 
carboxypoly methylene, and a combination thereof. 

10. A method according to claim 2, wherein the acidulant ' 
is selected from the group consisting of citric acid, 
carboxypoly methylene, and a combination thereof. 

11. A method according to claim 4, wherein the second 
formulation has an aqueous carrier and a polymeric, water 
soluble acidulant, the acidulant having a molecular weight 
greater than approximately 100,000. 

12. A method according to claim 11, wherein the acidulant 
is carboxypoly ncthylcne. 

13. A method according to claim 12, wherein the car* 
boxypolymctbylene further acts as a thickener. 

14. A method according to claim 12, wherein the gel pH 
is between approximately 3.0 and approximately 43. 

15. A method for oxidizing tooth-staining chromogens to 
whiten teeth, the method comprising: 

(a) providing a first formulation having sodium chlorite as 
a chlorine dioxide precursor, the first formulation being 
a liquid having a liquid pH greater than 7.0, and a 
second formulation having carboxypoly methylene act- 
ing as an acidulant capable of generating chlorine 
dioxide upon contact with the precursor, the second 
formulation being a gel having a gel pH of between 
approximately 3.0 and approximately 6.0; 

(b) applying the first formulation to a tooth in a subject's 
mouth; 

(c) putting the second formulation into a dental tray; 

(d) inserting the denial tray containing the second formu- 
lation into the subject's mouth, so as to generate a 
chlorine dioxide film at an interface between the pre- 
cursor and the acidulant proximate the tooth, wherein 
proximate to the film, a film pH is between approxi- 
mately 3.0 and approximately 6.0; and 

(e) removing the denial tray after the tooth has been 
exposed to chlorine dioxide generated proximate to the 
tooih for a time period of between approximately five 

I minutes and approximately sixty minutes. 

16. A method according to claim 15, wherein the car- 
boxypolymethylene further ads as a thickener. 

17. A method according to claim 16, wherein the liquid is 
aqueous. 

18. A method according to claim 17, wherein the gel pH 
is. between approximately 3.0 and approximately 4.5. 
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TABLE 5 



Tcoti # 



Gel 



Powti 

Ughl ..Density Text InilM Shade 

Source (mW/cm2) Filler Duretioe Shade SUdc Change 



HE301 

HE302 

HE303 

HE3W 

HE105 

HE306 

HE107 

HE10S 

HE309 

HE330 

HE311 

IIE312 

1IE313 

IIE114 

HO 15 

HEJ16 



Example 1 
Example I 
Example 1 
Example 1 
Example 1 
Example 1 
Example I 
Example I 
Example I 
Example I 
Example 1 
Example 1 
Nose 
None 
Note 
Noee 



MH 
MH 
MH 
MH 
MH 
MH 
MH 
No light 
No light 
No light 
No light 
No Ugh* 
Mil 
Mil 
MH 
MH 



250 


505 


3 * 20 mix 


A3.5 


A3 


7 


150 


505 


3 * 20 nix 


B4 


A2 


8 


175 


505 


3 x 20 mix 


A3 


Bl4 


8 


175 


505 


3 * 20 mix 


A4 


B2 


12 


175 


505 


3 » 20 mix 


B3 


B2 


8 


175 


505 


3 x 20 nun 


A3 


Bl* 


6 


375 


505 


3 x 20 mix 


A4 


A2 


10 






3 x 20 mix 


A3 .5 


A3 


3 






3 x 20 mix 


A4 


D3 


5 






3 x 20 mix 


A33 


A3J 


0 






3 x 20 mix 


A4 


A3 


6 






3 x 20 mix 


A4 


A3J 


3 


375 


505 


3 x 20 mix 


A3 


A3 


0 


375 


505 


3 x 20 mix 


A4 


A4 


0 


375 


505 


3 x 20 mix 


A3 .5 


A3 


3 


375 


505 


3 x 20 mix 


B3 


B3 


0 



EXAMPLE VI 
A pulpal chamber of an endo- tooth in a cooperative and 
informed patient was wiicd using a thermal probe and 
thermo-conchi cling paste. Pulpal temperanires were measur- 25 
ing during an actual whitening procedure, in which the 
illumination was supplied using the currently available 
Union Broach Illuminator and the device described in the 
instant application used at the most preferred wavelengths of 
400 to 505 nanometers. Measurements of the energy den- 3U 
sities at the tooth surface showed comparable energy den- 
sities for each device (230 milliwatts/cm* for the Union 
Broach Illuminator and 200 milliwatts/cm 2 for the device 
described in the instant application, respectively). The 
results are sbown below in Table 6. 35 

Illumination using the device described in the instant 
application in the preferred wavelength range from about 
400 to 505 nanometers raised pulpal chamber temperature 
less than did the Union Broach device. In this experiment, 
temperatures rose to a maximum by twenty minutes and 
were then stable. In contrast to the temperature rise seen 
with the Union Broach device, at no time did the tempera- 
ture using the device disclosed in the instant application rise 
above the 5.5 # C. which could result in thermally induced 
pulpitis if maintained for a significant period of time. The 
temperature changes seen are likely to be greater than those 
seen with vital teeth as cndo-teclh have mi Mood supply In 
provide additional cooling. 



Time 
(min.) 


Tfemoer«niie Rise fate. C from ambient* . 


tlmoa ftrmdi 


BriteSmfte 2000 


5 


4 


IS 


10 


8 




15 


9 


5.3 


20 


9 


4.2 


25 


9.5 


4 3 


30 


9 


4 J 



Upon reading the subject application, various alternative 
constructions and embodiments will become obvious t 
those skilled in the art. These variations are to be considered 
within the scope and spirit of the subject invention. The 
subject invention. is only to be limited by the claims which 
follow and their equivalents. 



What is claimed: 

1. A method for light-activated tooth whitening compris- 
ing the steps of: 

applying a photosensitizing ardent which absorbs actinic 
radiation when in contact with the surface of a tooth to 
one or more teeth; 
applying an tooth -whiten ing comoosition containing • 
transparent carrier compound ana 8 transparent oxidiz- 
ing compound capable of facilitating tooth whitening 
on top of said photosensitizing agent; and 
exposing said photosensitizing agent and said tooth- 
whitening composition to actinic light to activate said 
oxidizing compound. 

2. A method as set forth in claim 1 wherein said photo- 
sensitizing agent absorbs light having a range of wave- 
lengths from about 350 nanometers to about 700 nanometers 
and converts that energy into thermal or chemical eoergy. 

3. A method as set forth in claim 2 wherein said photo- 
sensitizing agent absorbs bght having a range of wave- 
lengths from about 380 nanometers to about 500 nanom- 
eters. ... 

4. A method as set forth in claim 1 wherein said photo- 
sensitizing agent is of molecular size, pH and surface charge 
to allow for effective penetration into the structure of the 
enamel and dentin. 

45 5. A method as set forth in claim 1 wherein said photo- 
sensitizing agent is selected from a group consisting of 
nanometer sized semiconductor particles, benzophenooe 
derivatives, bcnzotriazole derivatives, diketones, mctal- 
b'gand complexes, and pbtbaJocyancin- metal complexes. 

6. A method as set forth in claim 1 wherein said light 
50 source emits light having a range from about 350 nanom- 
eters to about 700 nanometers. 

7. A method as set forth in claim 6 wherein said light 
source emits light having a range from about 380 nanom- 
eters to about 500 nanometers, 

55 8. A method as set forth in claim 1, wherein the trans- 
parent oxidizing compound is selected from the group 
consisting of peroxides, peroxyacids and combinations 
thereof. 

9. A method as set forth in claim 8, wherein the trans- 
parent oxidizing compound is a peroxide. 
60 10. A method as set forth in claim 9, wherein the peroxide 
is hydrogen peroxide. 

11. A method as set forth in claim 8, wherein the trans- 
parent oxidizing compound is a peroxyacid. 

12. A method as set forth in claim 11, wherein the 
peroxyacid is peroxyacetic acid. 
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loolh surface is advantageous. By generating tbe peroxyacid 
(in this invention, peroxyacetic acid) on and within tbe tooth 
(thus in intimate contact with the stain-causing molecules 
themselves), superior tooth whitening results may be 
obtained. Although not wishing to be bound by any particu- 
lar theory- it is believed that deeper penetration into the tooth 
structure by a first clement (one of either a hydrogen 
peroxide precursor composition or a glyceryl triacetate 
composition) prior to contact with the second element will 
generate pcroxyacetic acid (upon placement of tbe second 
remaining clement) at the same site reached by the first 
element. In this manner, tbe depth at which tooth whitening, 
occurs by tbe inventive compositions maybe controlled. Tbe 
in situ method described above has an additional advantage, 
in that the amount of pcroxyacetic acid can be limited to that 
amount formed within the tooth structure itself (i.e. only 
where both of the required elements are present 
simultaneously). Accordingly, one aspect of the present 
invention involves the application of a composition or 
component of the composition onto the tooth surface and 
then allowing-tbe composition or a first component of -the 

-tit— >». Mfiftiin tVi* tooiVi * true hi re i tec If. 



10 



IS 



prepared. Aslurry of sodium percarbonate was first made by 
manually stirring approximately 2.0 percent by weight of 
sodium percarbonate powder (Solvay FB 100) into a mixture 
of 20 parts highly refined avocado oil (Super Refined 
Avocado Oil, Croda, Inc) and 1 part glyceryl triacetate (by 
volume). A portion of the resulting slurry (approximately 
0.30 grams) was brushed onto the surface of a stick of a 
commercially available chewing gum (Extra, Wm. Wrigjey 
& Son, Chicago, 111.) and allowed to absorb overnight 

When manually kneaded in tbe presence of surface mois- 
ture provided by dabbing the gum bolus onto a wet surface, 
a slight odor of peroxy acetic acid was detected after about 
30 seconds. It is expected that a similar result would be 
obtained upon chewing a stick of gum similarly prepared, 
thus providing peroxyacetic acid to the oral cavity, including 
the surface of the teeth. 

It is anticipated that other modes of applying, blending, 
combining, and otherwise mixing together the components 



men ailowing-tne composition or a nrsi compuuein ui -ui* — ~~ ? 0 , • _ 

composition to penetrate within the tooth structure itself! 20 of chewing glim with the inventive components, namely 1 
n „ :j .n M «..j i« m^rat* within the tnnth ^vAma+n n*mYiMe mtcur&or and elvcervl triacetate will 



Peroxyacid is then, allowed to generate within the tooth 
structure by application of an aqueous solution or a second 
component capable of reacting with the first component to 
generate a peroxyacid. 

This in situ tooth whitening method may also be used with 
other peroxyacid precursors other than, and/or in addition to, 
glyceryl triacetate. Such peroxyacid precursors include all 
water-soluble or partially water-soluble compounds contain- 
ing at least one acetyl group functionality, including, but not 
limited to acctylatcd amino adds (such as acetyl cysteine, 

« 1 • * - \ J l^._J 1 r\.,» »n f h» 



hydrogen peroxide precursor and glyceryl triacetate will 
result in a solid, chewable object capable of generating 
peroxyacetic acid upon contact with moisture from saliva. 

It is to be understood that tbe embodiments of the present 
invention which have been described are merely illustrative 
of some of the applications of the principles of the present 
invention. Numerous modifications may be made by those 
skilled in tbe art based upon the teachings presented herein 



limited to acctylatcd amino adds (such as acetyl cysteine, wfthout departing from the true spirit and scope of the 
acetyl glycine, etc) and acetylated polymers. Due to tbe 30 ^vendon 
desired penetration into the tooth structure in order to reach 
deeper stains, low molecular weight (<1000) acetyl group- 



containing molecules are preferred. 

EXAMPLE VII 
A single-component toothpaste containing a very low 
level of water was prepared that contained glyceryl 
triacetate, together with sodium percarbonate as a hydrogen 
peroxide precursor. 



40 



Ingredient 



Percent (w/w) 



Polyethylene glycol 400 
Polyethylene glycol 3350 
Water . 

Glyceryl triacetate 
Sodium percarbonate 
Sodium bicarbonate 
Hyd rated lilica 
Sodium lauryl sulfate 
Sodium methyl cocoyl tiuratt 
Sodium fluoride 
Sodium isccharis 
Flavor 

TOTAL 



34.76 
1.00 

1*0 

2JCC 
5.00 
50.00 
1.60 
0.60 
0.60 
0.24 
1J0 
IjO 

300.00 



The above composition was manufactured in a manner 
similar to that described in the Examples above arid pack- 
aged in plastic tubes. Upon extruding a small amount of the 
toothpaste and combining it with water at a ratio of 1 part by 
weight toothpaste to 1 part by weight water, an immediate 
odor of pcroxyacetic acid was evident 
EXAMPLE MO 

• Chewing gum containing a thin slurry coating of sodium 
percarbonate and glyceryl triacetate in vegetable oil was 



invention. 
What is claimed is: 

1. A method for whitening teeth comprising: 

forming a composition having a pH in excess of about 5.2 
by combining a hydrogen peroxide precursor in an 
amount sufficient to result in a hydrogen peroxide 
concentration of from about 0.1 percent by weight to 
about 15 percent by weight of the oral care 
composition, glyceryl triacetate in an amount between 
about 0.1 percent by weight to about 6.0 percent by 
weight of the oral care composition, and water so as to 
generate peroxyacetic acid; and 

contacting the composition to a surface of a tooth in an 
oral cavity for sixty minutes or less, 

2. A method for whitening teeth comprising: 
providing separately glyceryl triacetate and a hydrogen 

peroxide releasing compound, both in an orally safe 
and sufficient amount for whitening teeth; 

forming a composition having a pH in excess of about 5.2 
including a mixture between tbe glyceryl triacetate and 
the hydrogen peroxide releasing compound with the 
glyceryl triacetate being in an amount between about 
0.1 percent by weight to about 6.0 percent by weight of 
tbe composition and with the hydrogen peroxide releas- 
ing compound being in an amount sufficient to result in 
a hydrogen peroxide concentration of from about 04 
percent by weight to about 15 percent by weight of the 
composition; and 

contacting the composition to a surface of a tooth in an 
oral cavity for sixty minutes or less. - 
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mide polymers, poly (vinylpyrrolidooe), and mixed partial agent inert to the polymcrizable system, wherein said coin- 
salts of po]y(meihyl vinyl etber-co-maleic and increase position is cured to produce an artificial fingernail. . 
inviscosity and cohesion as a result of the absorption of 2. An artificial fingernail comprising a cured polymeria* 
water from the growth medium. Zone of inhibition studies tion sysiera and a water- insoluble anti- microbial agent inert 
were carried out as previously described in Example I. After 5 to the polymerization system, wherein said anti- microbial 
48 hours, the triclosan-cootaining denture adhesive above a g cn j provides a zone of inhibition of growib of bacteria 
exhibited a zone of inhibition of approximately 3-4 mm, surrounding said artificial fingernail, 
while a commercial available denture adhesive did not 3. The a ru^dal fingernail of claim 1 wherein said water 
exhibit a zone of inhibition. In fact, the surface of the insoluble antimicrobial agent is selected from the group 
commercial denture adhevise was colonized by 5. mutans 10 cons ; st j n g 0 f halogenated diphenyl ethers, balbgenated . 
after the 45-bour test period. The addition of triclosao to the sa hcyl an Hides, benzoic esters, halogenated carbanalides and 
denture adhesive formulation above resulted in a compose bcoolic compounds. 

lion capable of inhibiting mkn«»rganisrns m the volume 4 ^ fi ^ of claim x wbcre in said water 

surrounding the swollen or cured adhesive mass. insoluble antimicrobial agent is triclosan. 

It is to be understood that the embodiments of the present » ^ ^ artificial fingernail of claim 4 wherein said iri- 

inveotion which have been described are merely illustrative c]osan ^ m ^ aQ of Q 2% by wc;fiJ|t of 

ofsomeoftheapplicalionsoftheprinciplesoftbemventioo. nOD . volalilc solids> . 

Numerous modifications may be made.by those skilled in fingernail of claim 4 wherein said tri- 

the art based upon the teaebmg* > <~ ^ « closan is present in an amount of 1.0% by weight of 

departing from the true spirit and scope of the invention. 20 ^^^.P ^ 

What is claimed is: . 
L An artificial fingernail composition, comprising:^ 
polymcrizable system and a water-insoluble a nti-microbial • .• • • * 
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the top surface, were stained in a manner to duplicate the 
loolh staining observed in vivo by bumans (alternately 
exposed to air and a staining brotb at 37 degrees C. con- 
taining typticase soy broth, tea, coffee, mucin, FeCI 3 , and 
Sanina lutea, for a period of about four days). Each stained 
bovine incisor was numbered and measured for degree of 
staining (color by the CIELAB protocol) with a Minolta 
5031 Spectrophotometer (3 mm aperture, 8 exposure 
averaging, outliers discarded). Incisors were covered with 



BVCISgUJg, UULUWIO UJ^WW^. . w „.*w.~ UUiaitllrV* €»» IUV • 

different tooth -bleaching compositions in the tables above, io 8.0 and pH 9j0. 

m m»r/-;->11\f avaTlahV rarhamide otroxide ^ _t • 



1, the increase in pH from 4.5 (2) to 6.0 (3) results in an 
increased AE from 4.29 to 6.27. 

The table further shows the. positive effect of the calcium 
chelating agent on tooth bleaching. For example, for 1A, IB, 
and 1C (all at pH 7.0), 1A lacked a calcium chelating agent 
whereas IB and 1C contained a chelating agent. There wis 
an observed improvement in AE in the presence of the 
chelating agent The best tooth -bleaching results were 
obtained at the highest pH, namely, in this experiment, pH 



in addition to a commercially available carbamide peroxide 
composition (Opalescence 10% Carbamide Peroxide Gel, 
Ultradent, South Jordan, Utah). All gels were kept in contact 
with the incisor surface for exactly 15 minutes, whereupon 
the tooth was rinsed clean of any gel residue with distilled 13 
water and swabbed with saliva. The degree of stain removal 
was thereafter immediately determined by measuring the 
incisor surface, as above, for color, and the change in tooth 
color recorded below as AE. Absolute color change is 
defined as the square root of the sum of the squares of all 20 
color components (L, a, and b). 



Opalescence is a commercial product which has been pH 
adjusted to pH 6.5 before use but shows a poor performance 
with regard to color change over the time of the experiment. 
It is proposed that the pH.of the formulation is lowered as 
hydrogen peroxide and urea is released following dissocia- 
tion of carbamide peroxide. 

EXAMPLE 5 
Id vivo Demonstration of Tooth Bleaching 



TABLE 4 



25 



Product/ 
Tooth Exam- 



pH 



Initial Color 



Final Color 



# 


Pie 


(out) 


L 


• 


b 


L 


• 


1 


Opal. 


6.5 


41.79 


3J7 


11.78 


44.29 


196 


2 


uccoce 
Ex&m- 


O 


3944 


4.99 


12.00 


43.96 


4.47 




pit 3 












3.48 


3 


IE 


6.0 


40.44 


4.41 


9.53 


46J2 


4 


1A 


7.0 


36.02 


3.84 


10.10 


4157 


159 


5 


IB 


7i> 


35.81 


3.98 


11 J8 


45.92 


2.38 


6 


1C 


7.0 


36^0 


4.0S 


12.61 


44.11 


145 


7 


ID 


8.0 


41.55 


3.67 


10.51 


49.77 


1.26 


8 


IF 


6.5 


38J5 


5.01 


10.87 


44.78 


3.67 


9 


10 


8J 


40.26 


4.59 


9.93 


48.28 


3.13 


10 


Exam- 


9J0 


36.49 


4.00 


12.64 


44.93 


2.20 




pi. 2 















AE 



11.70 151 
10.94 4.29 



7.54 
8.28 
8.81 

10.53 
7.82 
9.50 
757 

10.63 



6.27 
6.91 
7.73 
7.67 
858 
6.52 
838 
8.78 



• This table shows the effect of pH on tooth bleaching. As 
shown for tooth #2 treated with the formulation of Example 
3 and tooth #3 treated with the formulation of IE in Example 



Six volunteers aged 25 to 43 were separated into two 
groups of two and custom dental trays were fashioned for 
each participant in the study. 

One group was given an unmarked 2 oz. tube containing 
the composition of Example IB and instructed to place t • 
small amount of tooth-bleaching material into the nay, 
position the tray over the teeth, and leave the tray in place 
30 for 20 minutes. Patients were instructed to repeated this 
procedure twice a day for one week, for a total of 14 
treatments and 280 minutes total loolh whitener exposure 
time. 

The second group" was given an unmarked 2 02. tube of 
33 Opalescence 10% Carbamide Peroxide tooth-bleaching gel 
and instructed as above, with the exception of the duration 
of the bleaching procedure to be 60 minutes. Patients were 
instructed to repeat the procedure twice a day for one week, 
for a total of 14 treatments and 840 minutes total tooth- 
40 bleaching exposure time. 

The results of direct tooth surface (upper left central 
incisor) color measurements, both before and after treatment 
(as in Example 5 above), are recorded in the Table 5 below. 



TABLE 5 



Product/ Trt*une« ., tpifol ColOT 
PMicni 9 Example Time (minute) Lab 



Fi"t Co*°T 



1 IB 

2 IB 

3 IB 

4 Opalescent 

5 Opftlcsceiu 

6 Opalcscta 



280 
280 
280 



840 



53.76 4.65 11.65 60.34 0.97 SJBO 8J06 

49.42 2.97 9.48 56.99 0.46 7.38 83S 

51.26 2.33 8.25 55.63 0*7 4.99 5.65 

52.78 1.75 6.14 57.26 1.42 110 6J04 

56.35 1.79 5.21 59.13 0.65 144 4SB 

55.71 172 7.10 58.60 1.09 4.75 44J7 



The average AE forthe Example IB group was 732, 
whereas the average AE for the Opalescence group was 4.73. 
The present inventive compositions arc thus shown to offer 60 
a substantially improved degree of tooth bleaching in a 
shorter exposure time than a prior art composition. 
, I claim: 

1. A method for bleaching the teeth of a subject compris- 
ing: m « 
providing a multi-chamber vessel, the vessel including a 
first chamber having a first formulation including a 



hydrogen peroxide precursor compound selected from 
the group consisting of an alkali metal pcrcarbonate, 
carbamide peroxide, calcium peroxide, and an alkali 
metal perborate, a thickener, a carrier and a calcium 
chelating agent wherein the first formulation is sub- 
stantially free of an alkaline pH adjusting agent and is 
substantially free of water and 
a second chamber having a second formulation including 
an alkaline pH adjusting agent selected from the group 
consisting of alkali metal hydroxides, ammonium 
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hydroxide, alkali metal carbonates, TRIS, and 
ttielbanolamine, & carrier and a thickener wherein the 
second formulation is substantially free of the hydrogen 
peroxide precursor compound; 

applying pressure to the multi -chamber vessel, so as to 
force the first and second formulations through a mix- 
ing baffle to form a mixture which then emerges from 
a single exit, the mixture being a thickened, aqueous, 
hydrogen peroxide containing composition and being 
bicarbonate free and abrasive free and having a pH of 
between approximately 6 and approximately 10; and 

contacting the mixture to the teeth of the subject for less 
than one hour. 

2. A method according, to claim 1, wherein the pH 
adjusting agent is ammonium hydroxide and the calcium 
chelating agent is l-bydroxyethylidene-l,l-diphospbonic 
acid. 

3. A method according to claim 1, wherein the calcium 
chelating agent is selected from the group consisting of 
EDTA and its salts, citric acid and its salts, gluconic acid and 
its salts, alkali metal pyrophosphates, alkali metal *° 
polyphosphates, dipbosphonic acids, and combinations 
thereof. 

4. A method according to claim 1, wherein the mixture has 
a water content of more than about 70% by weight of the 
mixture. . . 25 

5. A method according to claim 1 further comprising: 
maintaining the mixture upon the teeth for an extended 

time period, the time period being between approxi- 
mately 10 minutes and approximately 30 minutes. 

6. A method for bleaching the teeth of a subject compris- 30 
ing: 

providing a multi-chamber vessel, the vessel including 1 
first chamber having a first formulation including 
hydrogen peroxide, a thickener, an aqueous carrier and 
a calcium chelating agent wherein the first formulation 33 
is substantially free of an alkaline pH adjusting agent 
and 



a second chamber having a second formulation including 
an alkaline pH adjusting agent selected from the group 
consisting of alkali metal hydroxides, ammonium 
hydroxide, alkali metal carbonates, TRIS, and 
triethanolaminc, a carrier and a thickener wherein the 
second formulation is substantially free of hydrogen 
peroxide; 

applying pressure to the multi -chamber vessel, so as to . 
force the first and second formulations through a mix- 
ing baffle to form a mixture which then emerges from 
a single exit, the mixture being a thickened, aqueous, 
hydrogen peroxide containing composition and being 
bicarbonate free and abrasive free and having a pH of 
between approximately 6 and approximately 10; and 

contacting the mixture to the teeth of the subject for less 
than one hour. 

7. A method according to claim 6 wherein the pH adjust- 
ing agent is ammonium hydroxide and the calcium chelating 
agent is l-hydroxycthylidene-1,1 -dipbosphonic acid. 

8. A method according to claim 6, wherein the calcium 
chelating agent is selected from the group consisting of 
EDTA and its salts, citric acid and its salts, gluconic acid and 
its salts, alkali metal pyrophosphates, alkali metal 
polyphosphates, dipbosphonic acids, and combinations 
thereof. 

9. A method according to claim 1, wherein the mixture has 
a water content of more than about 70% by weight of the 
mixture. 

10. A method according to claim 1 further comprising: 
maintaining the mixture upon the teeth for an extended 

time period, the time period being between approxi- 
mately 10 minutes and approximately 30 minutes. 
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the top surface, were slained in a manner lo duplicate the 
looth staining observed in vivo by humans (alternately 
exposed to air and a staining broth at 37 degrees C. con- 
taining typticase soy broth, tea, coffee, mucin, FeCl 3 , and 
Soruna iutea, for a period of about four days). Each stained 
bovine incisor was numbered and measured for degree of 
staining (color by the CIELAB protocol) with a MinolU 
5031 Spectrophotometer (3 mm aperture, 8 exposure 
averaging, outliers discarded). Incisors were covered with 
different tooth-bleaching compositions in the tables above, 
in addition to a commercially available carbamide peroxide 
composition (Opalescence 10% Carbamide Peroxide Gel, 
Ultradent, South Jordan, Utah). All gels were kept in contact 
with the incisor surface for exactly 15 minutes, whereupon 
the tooth was rinsed clean of any gel residue with distilled 
water and swabbed with saliva. The degree of slain removal 
was thereafter immediately determined by measuring the 
incisor surface, as above, for color, and the change in toolh 
color recorded below as AE. Absolute color change is 
defined as the square root of the sum of the squares of all 
color components (L,a, and b). M 

TABLE 4 



Opalescence is a commercial product which has been pH 
adjusted to pH 6.5 before use but shows a poor performance 
with regard lo color change over the lime of the experiment 
It is proposed that the pH of the formulation is lowered as 
hydrogen peroxide and urea is released following dissocia- 
tion of carbamide peroxide. 

Example 5 



Product/ 
Toolh Exam- pH 



Initial Color 



Final Color 



• 


pto 


(oeal) 


L 


• 


b 


L 


• 


b 


AE 


1 


Opales- 


6.5 


41.79 


3J7 


11.78 


44.29 


X96 


11.70 


2-51 




cence 
















4.29 


a 


Exam- 


4J 


29£A 


4.99 


12.00 


43.96 


4.47 


1054 


3 


ple 3 
IE 


6J) 


40.44 


4.41 


9.53 


46.32 


3.48 


7.54 


6.27 


4 


1A 


7.0 


36.02 


3.84 


10.10 


42J7 


2-59 


8.28 


651 


s 


IB 


7J) 


3&S1 


358 


11.38 


4552 


238 


SSI 


7.73 


6 


1C 


7n 


36.90 


4ns 


12.61 


44.11 


Z45 


1053 


7.67 


7 


ID 


8.0 


41.55 


3.67 


10.51 


49.77 


1.26 


7.82 


8.98 


8 


IF 


6,5 


3&55 


5.01 


10.87 


44.78 


3.67 


950 


652 


9 


io 


8.5 


40.26 


4.59 


953 


48.28 


3.13 


757 


838 


10 


Exam- 


9.0 


36.49 


4.00 


12.64 


4453 


Z20 


10.63 


8.78 




ple! 



















In Vivo Demonstration of Tooth Bleaching 



Six volunteers aged 25 to 43 were separated intp two 
groups of two and custom dental trays were fashioned for 
each participant in the study. 

One-group was given.ao unmarked 2J9i.tube containing 
the composition of Example IB and instructed lo place a 
small amount of tooth-ble aching material into the tray, 
position the tray over ihe teeth, and leave ibe tray in place 
for 20 minutes. Patients were instructed to repeated this 
procedure twice a day for one week, for a lolal of 14 
treatments and 280 minutes total looib whitener exposure 
time. 

i The second group was given an unmarked 2 02. tube of 
Opalescence 10% Carbamide Peroxide tooth-bleaching gel 
and instructed as above, with the exception of the dura don 
of the bleaching procedure lo be 60 minutes. Patients were 
instructed to repeat the procedure twice a day for one week, 

j for a total of 14 treatments and 840 minutes total tooth- 
bleaching exposure time. 

The results of direct toolh surface (upper left central 
incisor) color measurements, both before and after treatment 
(as in Example 5 above), arc recorded in the Table 5 below. 



TABLE 5 



Product/ 



Initial Cotef 



Final Color 



Patient # Example Tune (minute*) L I * I » * AE 



1 IB 

2 IB 

3 IB 

4 Opalescence 

5 Opalescence 

6 Opalescence 



.280 53.76 4.65 11.65 60 .34 0.97 8.80 &06 

280 49.42 257 9.48 5659 0.46 7.38 8JE5 

280 51.26 2J3 8.25 55.63 087 459 5.65 

840 52.78 1.75 6.14 57.26 1.42 2.10 644 

840 56.33 1.79 5.21 59.13 0.65 2.44 4.09 

840 55.71 2.72 7.10 58.60 1J>9 4.75 <07 



This table shows the effect of pH on tooth bleaching. As • 
shown for tooth #2 treated with the formulation of Example 
3 and toolh #3 treated with the formulation of IE in Example 
1, the increase in pH from 4.5 (2) to 6.0 (3) results in an 
increased AE from 4.29 lo 6.27. 

The table further shows the positive effect of the calcium 
chelating agent on tooth bleaching. For example, for 1A, IB, 
and 1C (aU at pH 7.0), 1A lacked a calcium chelating agent 
whereas IB and 1C contained a chelating agent. There was 
an observed improvement in AE in the presence of the 
chelating agent The best tooth -bleaching results were 
obtained at the highest pH, namely, in this experiment, pH 
8.0 and pH 9.0. 



The average AE for the Example IB group was 732, 
whereas the average AE for ihe Opalescence group was 4.73. 
The present invenlive compositions are thus shown to offer 
a substantially improved degree of toolh bleaching in a 
shorter exposure time than a prior art composition. 

I claim: . . 

1. A singte exit dual compartment squeeze tube with a 
static mixer, whose compartments are adapted lo keep apart 
iwo formulations and whose two compartments respectively 
include: 

a first formulation comprising a hydrogen peroxide pre- 
cursor compound selected from the group consisting f 
an alkali melal percarbonate, carbamide peroxide, cal- 



US 6,322,773 Bl 



10 



10 



cium peroxide, arid aD alkali metal perborate, i 
thickener, a carrier and a calcium chelating agent 
wherein the first formulation is substantially free of an 
alkaline pH adjusting agent and is substantially free of 
water; and 

a second formulation comprising an alkaline pH-adjusting 
agent selected from the group consisting of alkali metal 
hydroxides, ammonium hydroxide, alkali metal 
carbonates, TRIS, and triethanolamine, a carrier and a 
thickener wherein the second formulation is substan- 
tially tree of the hydrogen peroxide precursor com- 
pound; whereby squeezing the rube forces material 
from each compartment through the static mixer lo 
form a thickened, aqueous, substantially bicarbonate 
free, and substantially abrasive free hydrogen peroxide W 
containing mixture before emerging from the single 
exit in the tube, wherein the mixture has a range of pH 
between approximately 6 and approximately 10. 
2. The single exit dual compartment squeeze tube accord- 
ing" to claim 1, w herein the hydrogen pero xide precurs or ~M 
compound is a percarbonatc sail, 



12. A single exit dual compartment squeeze tube with a 
static mixer, whose compartments are adapted to keep apart 
two formulations and whose two compartments respectively 
include: 

a first formulation comprising hydrogen peroxide, a 
thickener, an aqueous carrier and a chelating agent 
wherein the first formulation is substantially free of ao 
alkaline pH adjusting agent; and 
a second formulalioo comprising an alkaline pH- adjusting 
agent selected from the group consisting of alkali metal 
hydroxides, ammonium hydroxide, alkali metal 
carbonates, TRIS, and triethanolamine, a carrier and a 
thickener wherein the second formulation is substan- 
tially free of the hydrogen peroxide; whereby squeex- 
ing the tube forces material from each compartment 
through the static mixer to form a thickened, aqueous, 
substantially bicarbonate free, and substantially abra- 
sive free hydrogen peroxide containing mixture before 
emerging from the single exit in the tube, wherein the 
mixture has a range of pH between approximately 6 
;and a pprox imately 10. 



3. The single exit dual compartment squeeze tube accord- 
ing to claim 2, wherein the percarbonate salt is selected from 
the group consisting of sodium and potassium percarbonate. 

4. The single exit dual compartment squeeze tube accord- 
ing to claim 1, wherein the calcium chelating agent is 
selected from the group consisting of EDTA and its salts, 
citric acid and its salts, gluconic acid and its salts, alkali 
metal pyrophosphates and alkali metal polyphosphates. 

5. The single exit dual compartment squeeze rube accord- 
ing to claim 4, wherein the calcium chelating agent further 
acts as a stabilizing agent for the hydrogen peroxide pre- 
cursor compound. 

6. The single exit dual compartment squeeze tube accord- 
ing to claim 8, wherein the calcium chelating agent is 
1 -hydroxy ethylidene-l,l-diphosphonic acid. 

7. The single exit dual compartment squeeze tube accord- 
ing to claim 1, wherein the composition is capable of a 
delectable tooth -bleaching effect within 30 minutes. 

8. The single exit dual compartment squeeze rube accord- 
ing to claim 1, the first formulation comprising: 

less than about 0.5% by weight, based on the weight of the 
mixture, of the calcium chelating agent. 

9. The single exit dual compartment squeeze tube accord- 
ing to claims 8, wherein the first formulation has less than 
about 0.1% by weight, based on the weight of the 
composition, of the calcium chelating agent 

10. The single exit dual compartment squeeze tube 
according to claim l f wherein the second formulation is 
aqueous. 

11. The single exit dual compartment squeeze tube 
according to claim 1, wherein the thickening agent is a high 
molecular weight cross linked polyacrylic acid. 



137 The single exit dual compartment squeeze rube 
according to claim 12, wherein the concentration of hydro- 
gen peroxide in the composition is less than 15% by weight 
of the mixture. 

14. The single exit dual compartment squeeze tube 
according to claim 12, wherein the calcium chelating agent 
is selected from the group consisting of EDTA and its salts, 
citric acid and its salts, gluconic acid and its salts, alkali 
metal pyrophosphates and alkali metal polyphosphates. 

15. The single exit dual compartment squeeze , tube 
according to claim 12, wherein the calcium chelating agent 
is l-bydroxycthylidene-l,l-diphosphonic acid. 

16. The single exit dual compartment squeeze tube 
according to claim 1, wherein the mixture is capable of a 
delectable tooth-bleacbing effect within 30 minutes. 

17. The single exit dual compartment squeeze tube 
according to claim .12, the first formulation comprising: 

less than about 0.5% by weight, based on the weight of the 
mixture, of the calcium chelating agent 

18. The single exit dual compartment squeeze tube 
according to claim 12, wherein the first formulation has less 
than about 0.1% by weight, based on the weighl of the 
composition, of the calcium chelating agent 

19. The single exit dual compartment squeeze tube 
according to claim 12, wherein the concentration of hydro- 
gen peroxide in the mixture is in a range between approxi- 
mately 5% and approximately 12% by weight of the mix- 
ture. 

20. The single exit dual compartment squeeze, lube 
according to claim 12, wherein the thickening agent is a high 

50 molecular weight cross linked polyacrylic acid. 
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ihe top surface, were stained in a manner to duplicate the One group was given an unmarked 2 oz. tube containing 

tooth staining observed in vivo by humans (alternately the composition of Example IB and instructed to place t 

exposed to air and a staining broth at 37 degrees C. con- small amount of tooth-bleaching material into the tray, 

taining typticase soy broth, tea, coffee, mucin, FeCl 3 . and position the tray over the teeth, and leave the tray in place 

5.rc^La.fora^riodofabout four days). Each stained 5 for 20 minutes. Patients were »«^*"^J*» 

bovine incisor was numbered and measured for degree of ^cc6uxc twice ; a day for on week, fo . tot al 0 ,14 

staining (color by the C1ELAB protocol) with a MinolU treatments and 280 minutes total tooth whiteoer exposure 

5031 Spectrophotometer (3 mm aperture, 8 exposure Un ^v . , 

average^ outlier discarded). Incisors were covered with second gjwp was given an unmar ked 2 or rube of 

different tooth-bleaching compositions in the tables above, ,0 Opalescence 10% Carbamide Peroxide >poA-bl«cfaing^ 

in addition to a commercially available carbamide peroxide and instructed as above with the exception of the duration 

composition (Opalescence 10% Carbamide Peroxide Gel. of the bleaching procedure to be 60 minutes 

Ultradcnt, South Jordan. Utah). All gels were kept in contact instructed to repeal the procedure twice a day for one week, 

with the incisor surface for exactly 15 minutes;whereupon for a total of 14 treatments and 840 minutes total tooth- 

the tooth was rinsed clean of any gel residue with distilled 15 bleaching exposure lime. 

water and swabbed with sahva. The degree of stain removal The results of direct tooth surface (upper left central 

was thereafter immediately determined by measuring the incisor) color measurements, both before and after treatment 

incisor surface, as above, for color, and the change in tooth (as in Example 5 above), arc recorded in. the Table 5 below, 
color recorded below as AE. Absolute color change is 

~dcfihed~as~the" square roofof the sum of the squarcsof all~20 TABLE 5 
color components (L, a, and b). 



TABLE 4 25 

Product/ 



Prod- Treat- 
uct/ meat 
FV Ex* Tun* 

tieot un- (min» ftutbl Color Final Color 

uici) L • b L • b AE 



• 


pit 


(ocat) 


L 


• 


b 


L 


a 


b 


AE 


1 


Opales- 


6.5 


41.79 


3J7 


n.78 


44.29 


Z96 


11.70 


2J1 


2 


cence 
Exam- 


4J5 


39.84 


4.99 


n.oo 


43.96 


4.47 


30.94 


4.29 
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3 


IE 


6.0 


40.44 


4.41 


9.53 


46.32 


3.48 


7.54 


6J7 


4 


1A 


7.0 


36.02 


3.84 


10.30 


42J7 


2-59 


8.28 


6.91 


5 


IB 


7.0 


38.81 


sss 


U38 


45.92 


238 


8.81 


7.73 


6 


1C 


7i) 


36^0 


4.05 


12.61 


44.11 


Z45 


10.53 


7.67 


7 


ID 


8.0 


4J.55 


3.67 


30J1 


49.77 


1.26 


7.82 


8.98 


6 


IF 


6.5 


38.55 


sm 


30.87 


44.78 


3.67 


9.50 


632 


9 


io 


8.5 


40J6 


4.59 


9.93 


48.28 


3.13 


7.97 


838 


10 


Exam- 


9.0 


36.49 


4.00 


12.64 


44.93 


120 


10.63 


8.78 
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IB 


280 


53.76 


4.65 


11.65 60J4 


0.97 


8.80 


8D6 


2 


IB 


280 


49.42 


197 


9.48 56.99 


0.46 


7.38 


8.25 


3 


IB 


280 


51.26 


133 


8.25 55.63 


0-B7 


4.99 


5.65 


4 


Opal- 


840 


5178 


1.75 


6.14 57.26 


1.42 


110 


6.04 




es- 


















cence 














4j09 
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Opml- 


840 


56.35 


1.79 


521 59.13 


0.65 


144 




ea- 


















cenca 














4j07 


6 ~ 


OpaU 


840 


55.71 


172 


7.10 58.60 


1D9 


4.75 
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ceoce 

















The average AE for the Example IB group was 7.32, . 
whereas the average AE for the Opalescence group was 4.73. 
The present inventive compositions are thus shown to offer 
a substantially improved degree of tooth bleaching in a 



This table shows the effect of pH on tooth bleaching. As shorter exposure lime thao a prior art composition, 

shown for tooth #2 treated with the formulation of Example I claim: 

3 and tooth #3 treated with the formulation of IE in Example 1. A tooth bleaching mixture for contacting a tooth surface 

1, the increase in pH from 4.5 (2) to 6.0 (3) results in an 43 in an oral cavity comprising 

increased AE from 4.29 to 6.27. hydrogen peroxide in an effective tooth whitening 

The table further shows the positive effect of the calcium amount, 

chelating agent on tooth bleaching. For example, for 1A, IB, aD aqueous matrix comprising 

and 1C (all at pH 7.0), 1A lacked a calcium chelating agent a calcium chelating agent, 

wriereas IB and 1C contained a chelating agent There was 50 a lbickening agcDl> ^ 

an observed improvement in AE in the presence of the « „ u mA * f . _ 

chelating .gent The best tooth-bleaching results were . ,B ' . ™ * • ?T? . ™,M„ . of h tt w«n 

v. • J i . fu u- u . u -i« •!,;« ««.rim»ni nU wherein the mixture has a pn within a range or between 

obtained at the b.gbest pH, namely, ,o this experiment. pH wroxima , ely 6 . 0 4D d approximately 10.0 and wherein 

' Opalescence is a commercial product which has been pH » , «* ™">" is P, *'^. M J jffi^fa^S 

« „ * - . r , ; , w M ju— 2. A composition according to claim 1, wherein the water 

adjusted to pH 6.5 before use but shows a m**™"* C0Dtent fa a , P leasl 75% b we f hl> based 00 me we ; ght of the 

with regard to color change over the time of the experiment. wu M & © 

1, is proposed tha, .he pH of the TTctmpositioo according to claim 1. wherein the 

hydrogen perox.de and me, k released followmg drssocu- P « beiweeD ; malel 

uonofcarbam.deperox.de. 7.0 ami approximately 10.0. 

EXAMPLE 5 4. A composition according to claim 1, wherein toe 

thickening agent is a high molecular weight crosslinked 

In vivo Demonstration of Tooth Bleaching polyacrylic acid. 

Six volunteers aged 25 to 43 were separated into two 63 5. A composition according to claim 1, wherein the 

groups of two and custom dental trays were fashioned for concentration of hydrogen peroxide in the composition is 

each participant in the study. less than 15% by weight of the composition. 



US 6,331,292 Bl 



10 



10 



6. A composition according lo claim 1, wberein ihc matrix 
also has a stabilizing agent selected from the group consist- 
ing of sodium stannate trfoydrate,. 1-Hydroxyeibylidene-l, 
1-diphosphonic acid, and combinations thereof. 

7. A composition according lo claim 6, wherein the 
stabilizing agent may also act as a calcium chelating agent 

8. A composition according to claim 6, wherein the 
aqueous matrix has a water content of at Jeast 70% by 
weight, based on the weight of the composition. 

9. A composition according to claim 6, wherein the matrix 
is sufficiently pure in order to avoid peroxide destabilizatioo 
by metal ion contaminants, so as to permit packaging as a 
one-component system. 

10. A composition according to claim 6, wberein the 
mixture has a pH within a range of between approximately 15 
7-.0 and approximately 10.0. 

11. A composition according to claim 6, wherein the 
thickening agent is a high molecular weight crosslinked 
polyacrylic acid. m 

12. A composition according, to claim 6, wherein the 20 
concentration of hydrogen peroxide in the composition is 
less than 15% by weight of the composition. 

13. A tooth bleaching mixture for contacting a tooth 
surface in an oral cavity comprising: 

hydrogen peroxide, 
an aqueous matrix comprising 

a high molecular weight crosslinked polyacrylic acid in an 
amount between approximately 2.0% and approxi- 
mately 5.0% by weight, based on the weight of the K 
mixture, 

an alkaline pH adjusting agent, and 

sodium stannate Iribydrate, l-Hydroxytibylideoc-1,1- 
diphosphonic acid, and combinations thereof, in an 
amount between approximately 0.02% and approxi- 
mately 0.5% by weight, based on the weight of the 
mixture. 



wherein the mixture has a pH within a range of between 
approximately 6.0 and approximately 10.0 and wherein 
the mixture is packaged as a single component system. 

14. A composition according to claim 13, wberein the 
concentration of hydrogen peroxide in the composition is 
less than 15% by weight of the composition. 

15. A composition according to claim 13, wberein the 
mixture has a pH within a range of between approximately ( 
7.0 and approximately 10.0. 

16. A composition according to claim 13, wherein the 
matrix also has 

a concentration of a calcium chelating agent of between 
approximately 0.02% and approximately ^ 0.4% by 
weight, based on the weight of the composition. 

17. A composition according to claim 13, wberein the 
stabilizing agent may also act as a calcium chelating agent 

18. A tooth bleaching mixture for contacting a tooth 
surface in an oral cavity comprising 

1 hydrogen peroxide in an effective tooth whitening-amount - 
a thickening agent, 
water, 

a calcium chelating agent, and 
an alkalizing agent, 

wherein the tooth bleaching mixture has a pH within a 
range of between approximately 7.0 and approximately 
10.0 and wherein the tooth bleaching mixture is a single 
component system. ^ 

19. The tooth bleaching mixture of claim 18 wherein the 
looth bleaching mixture has a pH within a range of between 
approximately 7.5 and approximately 9.0. 

20. The tooth bleaching mixture of claim 18 wberein the 
tooth bleaching mixture has a pH of approximately 8. 



35 
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TABLE 5 



Tooih# 



GcJ 



Poww 
Ligfa) * Density 



HED 01 

HOW 

HE103 

HE304 

HE305 

HE306 

RE307 

HE108 

HE309 

HE33Q 

HE311 

11E112 

1IE313 

11E314 

HE315 

HE336 



Exfcmpk I 
Eximpk I 
Exfcmpk 1 
Ewmpk 1 
Ex»mpk 1 
Extmpk 1 
Extmpk 1 
Extmpk I 
Extmpk 1 
Extmpk I 
Example I 
Exiinpk ) 
Nose 
Now 
Nom 
Now 



MH 
MH 
MH 
MH 
MH 
MH 
MH 
No li^ta 
No Ugh 
No V^U 
No li*ht 
No light 
Mil 
Mil 
MH 
MH 



250 
250 
175 
175 
375 
175 
175 



175 
375 
375 
375 





Test 


Initial 


rlXBl 


on»OC 


Fnici 


Dur&lioB 


Shade 


Shade 




505 


3 k 20 mis . 


A3i 


A3 


7 


505 


3 x 20 inu 


B4 


A3 


1 


505 


3 x 20 nil 


A3 


B1+ 


• . 


505 


3*20 mia 


A4 


B2 


32 


505 


3 x 20 mil 


B3 


B2 


8 


505 


3 * 20 nb 


A3 


BU 


8 


505 


3* 20 nil 


A4 


A3 


30 




3 * 20 mia 


A3i 


A3 


3 




3 * 20 mia 


A4 


D3 


5 




3 > 20 mia 


A3.5 


A&5 


0 




3 * 20 mis 


A4 


A3 


6 • 




3 x 20 mia 


A4 


A3.5 


3 


505 


3 * 20 mia 


A3 


A3 


0 


505 


3 * 20 mia 


A4 


A4 


0 


505 


3 x 20 mia 


A35 


A3 


3 


505 


3 x 20 mil 


B3 


B3 


0 



EXAMPLE VI 

A pulpal chamber of an endo- tooth id a cooperative and 
informed patient was wired using a thermal probe aDd 
tbcrmo-coDducting paste. Pulpal temperatures were measur- 
ing during an actual white Ding procedure, in which the 
flhiminalioD was supplied using the currently available 
Union Broach Illuminator and the device described in the 
instant application used at the must preferred wavelengths of 
400 to 505 nanometers. Measurements of the energy den- 
sities at the lootb surface showed comparable energy den- 
sities foi each device (230 milb'wDtls/cm 2 for the Union 
Broach Illuminator and 200 milliwatts/cm 2 for the device 
described in the instant application, respectively). The 
results are shown below in Table 6. 

Illumination using the device described in the instant 
application in the preferred wavclcDglb range from about 
400 to 505 nanometers raised pulpal chamber temperature 



What is claimed: 

1. A method for light-activated tooib whiteniog compris- 
ing the steps of: 

25 applying a tooth- whitening composition to one or more 
tcelb, wherein the tooth whitening composition com- 
prises a transparent carrier compound, a transparent 
oxidizing compound, a photosensitize! precursor which 
when in contact with the surface of a stained tooth 

30 becomes a photosensitizing agent, wherein the photo- 
sensitizing agent when exposed 10 aclinic light acti- 
vates the oxidizing compound to facilitate tooib whit- 
ening at the surface of the teeth, and 
exposing the tooth- whitening composition 10 actinic ligbl 

35 to activate the oxidizing compound. 

2. A method according to claim 1, wherein the pbotosen- 
sitizer precursor is selected from tbe group consisting of 
ethyJcnediarainc letra acetic acid (EDTA), dielhylenelri- 
aminc pcntaacctic acid (DETPA), nilrflotriacctic acid 



less than did the Union Broach device. In this experiment, ^ (NTA), l-bydroxyeibyb'denc-l,l-dipbosphonic acid, ethyl* 



temperatures rose to a maximum by twenty minutes and 
were then stable. In contrast to the temperature rise seen 
with the Union Broach device, at do lime did tbe tempera- 
ture using the device disclosed io tbe instant appb'cation rise 
above the 5.5* C. which could result in thermally induced 
pulpitis If maintained for a significant period of time. The 
temperature changes seen are likely to be greater than those 
seen with vital teeth as cndo-leelh have mi blood supply lo 
provide additional cooling. 



Tune 
(min.) 


Trmnrramif Rise fdeff. C. fioin embiefltl 


ITninn Dmact 


BnttSmfit 2000 


5 


4 


23 


10 


8 


43 


15 


9 


5J 


20 


9 


4.2 


25 


9.5 


4J 


30 


9 


O 



Upon reading the subject application, various alternative 
constructions and embodiments will become obvious t 
those skilled in the art. These variations are to be considered 
wilhin the scope and spirit of tbe subject invention. The 
subject invention is only to be limited by the claims which 
follow and their equivalents. 



enediamine tctra(mctbyleDephospbonic acid) and dietbylen* 
eiriamine peDia(meibyleDepbospbonic add). 

3. A method according to claim 2, wherein tbe pbotosen- 
sitizer precursor is l-hydroxyeihylidene-l,l*dipbosphonic 
45 acid. 

, 4. A method according to claim 1, wherein tbe actinic light 
has a wavelength in the range from about 380 nanometer* to 
about 700 nanometers. 

5. A method according to claim 1, wherein the actinic light 
50 has a wavelength in tbe range from about 380 nanometers to 

about 500 nanometers. 

6. A method according to claim 1, wherein tbe transparent 
oxidizing compound is selected from the group consisting of 
peroxides, peroxyacids and combinations thereof. 

55 . 7. A method according to claim 6, wherein tbe transparent 
oxidizing compound is a peroxide. 

8. A method according to claim 7, wherein the peroxide is 
hydrogen peroxide. 

9. A method according lo claim 6, wherein tbe transparent 
60 oxidizing compound is a peroxyacid. 

ltt. A method according lo claim 9, wherein the peroxy- 
acid is peroxyacetic acid. 

11. A method of light- activated tooth whitening compris- 
ing the steps of: 
65 applying a tooib- whitening composition lo one or more 
teeth, wherein the tooth whitening composition com- 
prises a transparent oxidizing compound, a transparent 
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carrier, and a photosensitize! precursor which when 27. A method according to claim 26, wherein the photo- 
chelated to endogenous metal ions present at the tooth sensitizer precursor is selected from the group consisting of 
surface becomes a photosensitizing agent, wherein the ethylene diamine tetraacetic acid (EDTA), diethylenetn- 
pbotosensitizing agent when exposed to aclinic light amine pentaacetic acid (DETPA), nitrilotriacetic acid 
activates the oxidizing compound to facilitate tooth J (NTA), l-bydroxyctbyb'dcnc-l.l-dipbospbonic acid, ethyl- 
whitening at the surface of the teeth, and enediamine leiraOmetbylenepbospbonic acid) apd.diethyl- 
exposing the toolb-whitening composition to actinic light tnetnamint pema(roeihyltnepbospbonic ackl). _ 

to activate .be oxidizing compound. 28. A method accordmg to claim 27 wberem the photo- 

12. A method according to claim 11, wherein the photo- sensitizer precursor is l r byd,oxyelbyhdene-l.l- 
sensitizer precursor is a metal ion chelator. 10 diphospbomc acid. ■. . • 

13. A method according to claim 13, wherein the photo- 29. A method according to claim 26. wber^n the ran*, 
sensitize, precursor is selected from the group consisting of P««! ox.dizing compound is selected f cm the group 
ethylenediamine tetraacetic acid (fcDTA), dietbylenelri- consistmg of peroxides, peroxy.ods and eomb.na.ions 

amine pentaacetic acid (DETPA), nitrilotriacetic acid ""J!" . A A . „ , • ■>« „,i„„j. ,v. 
(NTA), l-bvdroxyetbylidene-l,J-diphosphonic acid, etbyl- » 30. A method accordmg to claim 29 wherein the uans- 

enediamme'-etra^methylenepbosphonic acid) and dietbyleo- P u < n ' con 'P? UD f » V*""* ' .„ ^ 
etriamine penta(metbylenephospbonic acid). 31. A method accordmg to claim 30. wherein the peroxide .. 

14. A method according to claim 13, wherein the photo- * hydrogen peroxide. 

sensitize, precursor is 1-hydroxyc.bylidcncl.l- 32- A method according to claim 29. ^herein the uans- 
H,v>,ncT.Knn.r *<*a 20 pM*nl oxidizing compound is a peroxyaad. 

y iT. X So?7ccording to claim 11. wherein the trans- " 33. A method according to claim 32. wherein the peroxy- 

parent oxidizing compound is selected from the ^ group '^mXTccordbg to claim 26. wherein toe endog: 
consisting of peroxides, peroxyacids and combinations n ,. . • ... ,• j .u • . 

thereof ^ enous metal ions are present m the saliva and the interstitial 

'iTa method according to claim 15. wherein the uans- 2* flu i d °' enamel and dentin, 

parent oxidizing compound is a peroxide. 35. A method according to claim 26. wherein the endog- 

17. A method I accruing ... claim 1 6, wherein the peroxide «ous metal ions are transition metal ions. . _ 

... 'de 36. A method according to claim 26, wherein the endog- 

* 18. A^method 3 according to daim 11. wherein the uans. *e,al ™s are selected from the group, consisting of 

... . j . 3u iron, manganese, copper and combinations tnereol. 

^S^^^V^iU^ 37.Am\,hc,;c TO %toclaim36.whcrcina,ccndog- 

... . • j cdous metal ions arc iron. 

^JSSSHStg to claim 11. wherein the endog- 38 A method according to claim 26. wbercir . toe acinic 

enous metal ions are present in the saliva and tbe interstitial bgbl has a wavelength in the range from about 380 nanom- 
n„M «f ,n, m .i „nH A.ntin 3S eters to about 700 nanometers. 

Ta3SS5» dain, 11, where* .be endog. 3». A method acco^g . claim 26, wberem *e 

tnous metal ions are transition metal ions. J » waveJengtb in the range from about ^80 nanom- 

22. A method according to claim 11. wherein the endog- to about 500 nanometers. 

enous metal ions axe selected from the group consisting of . 40 A rnclhod of hght. activated tooth whitening enmpns- 
irnn t manganese and copper. * 40 ing tbe steps of: # . . 

23. A method according to claim 22, wherein the endog- contacting one or more tooth surfaces of a patient with an 
enous metal ions are iron. *»idi Jng composition comprising an oxidizing com- 

24. A method according to claim 11, wherein the actinic pound and a photosensitizer precursor, and 

light has a wavelength in the range from about 380 nanom- applying actinic radiation to tbe patient's one or more 

ctcrs to about 700 nanometers. 45 tooth surfaces. 

25. A method according to claim 11, wherein the actinic 41. A method according to claim 40, wherein the actinic 
light has a wavelength in the range from about 380 nanom- radiation is transmitted through the oxidizing composition, 
eicrs to about 500 nanometers. 42. A method according to claim 40, wherein the actinic 

26. A method foi light-activated tooth whitening com- radiation is applied to the one or more tooth surfaces at from 
prising tbe steps ofc » about 10 to about 200 roilliWall/cm 1 . 

applying a tooth-whitening composition to one or more > 43. A method of light- activated tooth whitening compris- 

ttxih, wherein the tooth whiicning composition com- ing the steps of: 

prises a transparent oxidizing compound, a transparent contacting one or more tooth surfaces of a patient with an 
carrier and a phoiosensitizcr precursor which chelates oxidizing composition comprising an oxidizing corn- 
endogenous metal ions present at the tooth surface and 55 pound and a photos* nsitizer precursor, wherein the 
becomes a photosensitizing agent upon chelating the oxidizing composition is sufficiently transparent to 
endogenous metal Ions, and wherein the pbotosensitiz- actinic radiation such thai abom 10 to about 200 
ing agent, when exposed to aclinic light, activates the mUliWatt/cm 5 of light can be appUed to tbe one or more 
oxidizing compound to facilitate tooth whitening at tbe ^ tooth surfaces, and 

surface of the teeth, and applying actinic radiation to tbe patient's one or more 

exposing the tooth-whitening composition to actinic light tooth surfaces, 
delivered Dom a position outside of a patient's mouth 
to activate tbe oxidizing compound. : 
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TABLE 3 




fprrrrfvtrnHOflnvePtrv 




Dentifrice 




% Reduction of Sub 


lovcotivc Dct lift lot B 
Commcirial Dcoitfftct A 
Commercial Dcoltfrice B 
Commcrcul Dcoitfitct C 


16.23 3.26 

10.66 +h 2JO 
1.49 +h 1.71 


66* 
54* 
45* 
31* 



9 

of tbe test dentifrice to clean extrinsic stained pellicle from 
teeth. Tbe data were calculated aod defined as follow* 

(1) Stained Pellicle Removed- Baseline stain reading 
minus tbe reading after treatment 5 

(2) Total Siained Pellicle Available- Stain reading minus 
the reading following treatment and pumicing. 

(3) % Total Stained Pellicle Rcmoved« M Siained Pellicle 
Removed" divided by the "Total Stained Pellicle Available". jo 

?> r**?» - M jtft jyseifrpss syast 

using the CIELAB equation compared to commercial dentifrice composiuons utihzinp a 

variety of different technologies for removing or eliminating 
AE^ALOMoOMAbOT 8 15 tooth stains. Dentifrice B, despite having a lower level of 

destabilizing agent, sodium tripolypbosphatc (e.|^ 3 P"? ™ 
The individual components of the L'a*b' factors were b y weight) (see Table 1) than commercial dentifrices CD-A 
llso .oa1 y «d 8 .pm^,od«,.n D i D c l b eS pcc i; cch. De c S i n gCM ^^SiS^-^^S ■ 
lightness, redness, and yellowness, respectively. dentifrice B reduces tooth significantly better than commer- 

" Statistical significance of data for each category was JO c ; a i dentifric* CD-C 
determined by analysis of variance, and intergroup compan- what is claimed is: 

sons were made by means of the Srudentized Newman- 1. A dentifrice for removing tooth stain caused b^an 

spreadsheet program (Lotus 1-2-3. Vers on 2.01, 198©, ^fr^ 'comprising: 

. Lotus Development Corp., Cambndge, Mass.). Summary ^ {Q fiboul 3% ^fom tripolyphosphate by. 

,'• print files were then loaded into a VAX 8530 mainframe weight, to disassociate the chromogen from the layer of 

computer and analyzed by means of a conventional statistics pio te mace ous acquired pellicle; and 

nroaram (SAS, SAS Institute Inc., Cary, N.C.). All SNK aboul x % X o about 2% polyvinyl pyrroUdone, having 

LnVfcL were -d^ing . 3*0 ~ M S^^KS^ 

ceo us acquired pellicle. 

2. A denufnee according to claim 1 further including a 
detergent, wherein the detergent is selected from the group 
consisting of sodium lauryl sulfate, sodium methyl cocoyl 
taurate, and combinations thereof, the detergent having a 
concentration from about 0.6% to less that 5% by weight 

3. A dentifrice according to claim 1 further providing an 
oral pH level that is between approximately 7.0 and appron- 

The study demonstrated an improvement in stain removal ^ ™4^a dentifrice according to claim 1 further being provided 

cained from the inclusion of the destabilizing agent sodium in a carrier which provides sufficient oral contact time to 

frioolYphospbate and the completing agent polyvinyl permit disassociation of the chromogen from tbe layer oT 

2SS«rb totS&fcc B, when compared against to the proteinaceous acquued pellicle and to allow ^association of 

^enX ■; ^*Tu^ 

agents, 45 assoc iatioo of a chromogenic phenolic compound with a 

layer of proteinaceous acquired pellicle on a tooth within an 
EXAMPLE 111 oral cavity, the dentifrice comprising: 

. . about 2% to about 3% w/w of sodium tripolyphosphate; 

Jootb stain removal studies were also conducted to deter- anl j 
mine tbe ability of some of the dentifrice compositions of the » l% ^ jbom 2% polyvinylpyrrolidone; . 

present invention, and in particular, dentifrice composition w herein the dentifrice provides an oral pH level between 
B. in removing tooth stains versus some non-peroxide, approximately 7.0 and approximately 103. 

commercially available tooth whitening dentifrice compo- $ % A dentifrice according to claim 5, the polyvinyl py£ 
sWons- rolidone having a K-value, the K-valuebemg from about 25 

• - . * to no greater than about 30. 

The procedure of Example 11 was repeated with each of ? a dentifrice according to claim 5, further including a 

commercial dentifrice compositions A, B, and C. Commef- detergent, wherein the detergent is selected from the group 

cial dentifrices A (CD- A) and B (CD-B) claim to have a high consisting of sodium lauryl sulfate, sodium methyl cocoyl 

level of stain removing capability due to the inclusion of l8Ural e, and combinations thereof, the detergent having a 

greater than 4% wlw sodium tripolyphosphate in the for- 60 concentration of from about 0.6% to less than 5% by weight, 

mulations. Commercial dentifrice C (CD-Q fe • popular g. A dentifrice according to claim 5 further be ing provided 

whitening dentifrice having citric acid, bydrated alumina, ' m , carrier which provides sufficient oral contact time to 

and papain (a proteolytic enzyme) as the stain-removing permit disassociation of the chromogen from the layer or 

com Jouents m abr Jivity of the commercial dentifrices proteinaceous acquired pellicle and to a low association of 

versus that of the dentifrice B is as follow.: 65 tbe chromogen with the polyvinyl pyrrohdone. 



TABLE 2 


Fffeetivctie&s of ihe trivectivt dteiifnce 


versus a oltccbo dentifrice 


DcDlIfrtOK AE 


% Reduction or Stats 


A 3K3 */- 1S2 


*8% 


B «-23 3.26 


66% 



CD- A-CD-B-tnvtnlivt Dcntfiicc B>CD-C 
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The results for all treated incisors are recorded in Tabic 1 7. The composition according to claim 1, wherein the 
below. acidulant is citric acid. ; j 

8. The composition according to claim 7 t wherein the 
TABLE 1 citric acid has a concentration of no more than approxi- 

5 mateiy 2 percent based upon weight of the second formu- 
lation. 

9. The composition according to claim 5, carboxypolyrrj- 
ethylene having a molecular weight greater than aboul 

10 100,000. 

10. The composition according to claim 1, the first for- 
mulation having a pH from aboul 7 JS to about 9.0, and the 
second formulation having a pH from about 3.0 to about 6.Q 

11. The composition according to claim 1, the second 
15 formulation having a pH from about 3.0 to about 4.5. 



Bo VIM 
tnctaof 

• 




Initial Color 


Final Color 


AE 


Treatment 


L 


a 


b 


L 


• 


b 


1 


CDP only 


45.38 


3.68 


10.42 


47.11 


3.21 


10.09 


1.82 


2 


ACD only 54J0 


-1.80 


0.90 


56.10 


-150 


1.40 


1.68 


3 


CDP/ACD 


42.78 


3.60 


11.30 


48.57 


1.85 


10.03 


6.16 


4 


CDP/ACD 


38.27 


5.31 


11.08 


46J1 


4.61 


1351 


8.55 


S 


CDP/ACD 


35.62 


4.46 


9.48 


38.94 


3.65 


9.60 


3.42 


1 


CDP/ACD 


40.91 


3.94 


11.08 


44J0 


3.07 


10.22 


3.69 


7 


CDP/ACD 


43J5 


3.51 


10.09 




102 


9.54 


5.83 



^ . ■ _ . . • • ■ ^ ... ^ 12. The composition according to claim 1, the interface 

This table demonstrates that the inventive compositions, * • 

when applied as described above, are effective in removing baving a pH from about 3.0 to about 6.0. - 

tooth stains in an vitro stained bovine enamel model. The 13. The composition according to claim l t the interface 

- observed-tooth-whitcning-effect-is-much greater, when tbe_ having a pH from about 3.0-toabo^4.5.-— — - _ 

CDP and ADP portions are both applied, than when either * 14, ffcc composition according to claim 1, wherein the 

just the CDP Portion or the ACD Portion is applied. g rel f orrDU i a ii OD & a liquid and the second formulation is t 

What is claimed is: g e L 

1. A composition comprising: ^ mclhod accordi l0 cU ; m ^ lhc ^ond formu- 
a first formulation compnsing an alkali metal chlorite . . . • 

contacting a tooth stained with tooth-staining chn> 25 Uuon composing an acidulant 

mogens; and 16. The method accordmg to claim 15, wherein the 

a second formulation comprising an acidulant contacting acidulant is selected from the group consisting of citric acid, 

the first formulation in a manner to form an interface carboxypoly methylene, and a combination thereof, 

between the first formulation and the second yj j^e method according to claim 15, wherein the 
formulation, the interface further characterized by the 30 8C1 * du ] aDl jj c \ u \ c zc fa 

presence of chlorine dioxide in an amount effective JJ 18> ^ melhod according to claim 17, wherein the citric 

o»d ze tooth-staining chromogens such that the tooth • . . . fmr n»«m»i#1» 7. 

is whitened 8 a C0nccntratl0n °* 00 morc lnan a PP r0Xlmalcl y 2 

2. The composition according to claim 1, wherein the percent based upon weight of the second formulation, 
acidulant is selected from the group consisting of citric acid, 35 19. The method according to claim 15, wherein the 
carboxypolymethylene, and a combination thereof. acidulant is carboxypoly methylene. 

3. The composition according to claim 1, wherein the 2 rj. The melhod according to claim 19, the carboxypoly* 
alkali metal chlorite is sodium chlorite. . methylene having a molecular weight greater than aboul 

4. The composition according to claim 3, wherein the ' 0 

sodium chlorite has a concentration of no more than ^ » * r«— iUtfa«i 

approximately 5000 parts per million based upon weight of *° »■ Tte method according to claim 6, first formulation 

the first formulation. comprising an alkali metal chlorite. 

5. The composition according to claim 1, wherein the 22. The method according to claim 21, wherein the alkali 
acidulant is carboxypolymethylene. metal chlorite is sodium chlorite. 

6. A method for oxidizing tooth-staining chromogens to ^ 23. The method according to claim 22, wherein the 
whiten a tooth, the method comprising: sodium chlorite has a concentration of no more than 

providing a first formulation having a pH greater than approximately 5000 parts per million based upon weight of 

about 7 and a second formulation capable of generating me fifSt f ormu i a tion. 

chlorine dioxide upon contact with the first 24; The method according to claim 6, the first formulation 

formulation, the second formulation having a pH from ^ & ^ rf ^ ? ^ ^ ^ g 

about 3 to about 6; nc mclhod according to claim 6, the second forum* 

applying the first formulation to the tooth stained with ^ § q( ^* 3 Q ^ ^ ^ 

. 26. The method I ^ . cU. I. teta bevfe,^ 

a manner to establish an interface between the first and pH from aboul 3.0 to about 6.0. 

the second formulations; 55 27. The method accordmg to claim 6, the interface having 

generating chlorine dioxide at the interface in an amount a pH from about 3.0 to about AS. 

effective to whiten the tooth; and 28. The method accordmg to claim 6, wherein the first 

exposing the tooth to the chlorine dioxide for a time formulation is a liquid and the second formulation is a geL 

period of between approximately five minutes and 

approximately sixty minutes. • • • • • 
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the top surface, were stained in a manner to duplicate the 
tooth staining observed in vivo by humans (alternately 
exposed to air and a staining broth at 37 degrees C. con- 
taining typticasc soy broth, tea, coffee, mucin, FECI 3 , and 
Sarcina luiea, for a period of about four days). Each stained 
bovine incisor was numbered and measured for degree of 
staining (color by the C1ELAB protocol) with a MinolU 
5031 Spectrophotometer (3 mm aperture, 8 exposure 
averaging, outliers discarded). Incisors were covered with 
different tooth-bleaching compositions in the tables above, 10 
in addition to a commercially available carbamide peroxide 
composition (Opalescence 10% Carbamide Peroxide Gel, 
Ultradent, South Jordan, Utah). All gels were kept in contact 
with the incisor surface for exactly 15 minutes, whereupon 
the tooth was rinsed clean of any gel residue with distilled IS 
water and swabbed with saliva. The degree of stain removal 
was thereafter immediately determined by measuring the 
incisor surface, as above, for color, and the change in tooth 
color recorded below AE. Absolute color cha nge is defined 
~" as 'the square foot of the sum of the squares of all color 20 
components (L, a, and b). 



TABLE 4 



Product/ 



Initial Color 



Final Color 



obtained at the highest pH, namely, in this experiment, pH 
8.0 and pH 9.0. 

Opalescence is a commercial product which has been pH 
adjusted to pH 6.5 before use but shows a poor performance 
with regard to color change over the time of the experiment. 
It is proposed that pH of the formulation is lowered as 
hydrogen peroxide and urea is released following dissocia- 
tion of carbamide peroxide. 

EXAMPLE 5 
In Vivo Demonstration of Tooth Bleaching 

Six volunteers aged 25 to 43 were separated into two 
groups of two and customer dental trays were fashioned for 
each participant in the study. 



23 



• 


ph 


(ned) 


L 


■ 


b 


L 


■ 


b 


AE 


1 


Opales- 


6.5 


41.79 


3.17 


n.78 


44.29 


196 


11.70 


231 


2 


cence 
Exeo> 


4.5 


39.84 


4.99 


12.00 


43.96 


4.47 


1054 


4.29 




pk 3 
















6.27 


. 3 


IE 


6.0 


40.44 


4.41 


933. 


46.32 


3.48 


734 


4 


1A 


7J0 


36.02 


3.84 


10.10 


4237 


239 


6.28 


651 


5 


IB 


7,0 


38.81 


3.98 


13.38 


45.92 


2.38 


8.81 


7.73 


6 


1C 


7.0 


36.90 


4.05 


12.61 


44.11 


145 


1033 


7.67 


7 


ID 


8.0 


41.55 


3.67 


10.51 


49.77 


1.26 


7.82 


858 


e 


IF 


6.5 


38.55 


5.01 


10.87 


44.78 


3.67 


930 


632 


9 


10 


S3 


40.26 


439 


953 


48.28 


3.13 


757 


838 


10 


Exam- 


9.0 


36.49 


4.00 


12.64 


44.93 


2-20 


10.63 


8.78 




ple: 



















35 



One group was given an unmarked 2 oz. tube containing 
the composition of Example IB and instructed to place a 
small amount of tooth-bleaching material into the tray* 
position the tray over the teeth, and leave the tray in place 
for 20 minutes. Patients were instructed to repeated this 
procedure twice a day for one week, for a total of 14 
treatments and 280 minutes total tooth whitencr exposure 
lime. 

The second group was given an unmarked 2 oz. tube of 
Opalescence 10% Carbamide Peroxide tooth-bleaching gel 
and instructed as above, with the exception of the duration 
of the bleaching procedure to be 60 minutes. Patients were 
instructed to repeal the procedure to be 60 minutes. Patients 
were instructed to repeal the procedure twice a day for one 
week, for a total of 14 treatments and 840 minutes total 
tooth-bleaching exposure time. 

The results of direct tooth surface (upper left central 
incisor) color measurements, both before and after treatment 
(as in Example 5 above), are recorded in the Table 5 below. 



TABLE 5 



TtcBimeat 
Patient ProdueV Time . 



Initial Color 



Example (minutes) L 



IB 
IB 
IB 

Opalescence 



280 53.76 4.65 21.65 60.34 0S7 
280 49.42 19? 9.48 56.99 0.46 



280 
840 

Opalescence 840 
Opalescence 840 



5106 133 

5178 1.75 

56.35 1.79 

55.71 171 



8.25 55.63 0.87 

6.14 57.26 1.42 

5.21 5903 0.65 

7.10 58.60 1X39 



6.60 8j06 

7,38 8.25 

4S9 5.65 

110 6J04 

144 4J09 

4.75 4J07 



This table shows the effect of pH oo tooth bleaching. As 
shown for tooth #2 treated with the formulation of Example 
3 and tooth #3 treated with the formulation of IE in Example 
1, the increase in pH from .4.5 (2) to 6.0 (3) results in an 
increased AE from 4.29 to 6.27. 

The table further shows the positive effect of the calcium 
chelating agent on tooth bleaching. For example, for 1A, IB, 
and 1C (all at pH 7.0), 1A lacked a calcium chelating agent 
wireless IB and 1C contained a chelating agent. There was 
an observed improvement in AE in the presence of the 
chelating agcnL The best tooth -bleaching results were 



60 



The average AE for the Example IB group was 732, 
whereas the average AE for the Opalescence group was 4.73. 
The present inventive compositions are thus shown to offer 
a substantially improved degree of tooth bleaching in a 
shorter exposure time than a prior art composition. 

I claim: 

1. A tooth bleaching mixture for contactings tooth surface 
in an oral cavity comprising: 
hydrogen peroxide in an effective tooth whitening 

amount, 
an aqueous matrix comprising 
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a calcium chelating agent, 
a thickening agent, and 
an alkaline pH adjusting agent* 
wherein the mixture has a pH above 5.5 and wherein 

the mixture was packaged as a one component 

system. 

2. The mixture of claim 1, wherein the water content is at 
least 70% by weight, based on the weight of the composi- 
tion. 

3. The mixture of claim 1, wherein the thickening agent 
is a high molecular weight crosslinked polyacrylic acid. 

4. The mixture of claim 1, wherein the concentration of 
hydrogen peroxide in the composition is less than 15% by 
weight of the composition. 

5. The mixture of claim 1, wherein the aqueous mixture IS 
has a water content of at least 75% by weight, based on the 
weight of the composition. 

. 6. The mixture of claim 1, wherein the matrix also has a 
stabilizing agent selected from the group consisting of 
sodium stanoate Irihydrale, l-Hydroxycthylidene-1,1- » 
diphospbonic acid, and combinations thereof. 

7. The mixture of claim 6, wherein the stabilizing agent 
may also act as a calcium chelating agent 

8. A tooth bleaching mixture for contacting a tooth surface 
in an oral cavity comprising: 15 

hydrogen peroxide, 

an aqueous matrix comprising a high molecular weight 
crosslinked polyacrylic acid in an amount between 
approximately 2.0% and approximately 5.0% by ^ 
' weight, based on the weight of the mixture, 
an alkaline pH adjusting agent, and 
sodium stanoate tribydratc or l-Hydroxyetbylidene-1,1- 
diphosphonic acid, in an amount between approxi- 
mately 0.02% and approximately 0.5% by weight, 35 
based on the weight of the mixture, 
wherein the mixture has a pH above S3 and wherein the 
mixture is packaged as a single component system. 

9. The mixture of claim 8, wherein the concentration of 
hydrogen peroxide in the composition is less than 15% by 
weight of the composition. 
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10. The mixture of claim 8, wherein the matrix also has 
a concentration of a calcium chelating agent of between 
approximately 0.02% and approximately 0.4% by weight,, 
based on the weight of the composition. 

U. The mixture of claim 8, wherein the stabilizing agent 
may also act as a calcium chelating agent. 

12. A tooth bleaching mixture for contacting a tooth 
surface in an oral cavity comprising 
hydrogen peroxide in an effective tooth whitening 

amount, 
a thickening agent, 
water, 

an alkalizing agent, and 
a calcium chelating agent, 

wherein the tooth bleaching mixture has a pH above 5 S 
and wherein the tooth bleaching mixture is single a 
component system. 

13. The mixture of claim 12 wherein the calcium chelat- 
ing agent is a member selected from the group consisting of 
EDTA, salts of EDTA, citric acid, salts of citric acid, 
gluconic acid, salts of gluconic acid, alkali metal pyrophos- 
phates and a Ik ah" metal polyphosphates. 

14. A tooth bleaching mixture for contacting a tooth 
surface in an oral cavity comprising 

hydrogen peroxide in an effective tooth whitening 

amount, 
a thickening agent, 
water, 

a stabilizing agent, and 
an alkalizing agent 

wherein the stabilizing agent is a member selected from 
the group consisting of sodium acid pyrophosphate, 
sodium stannatc tribydratc, and 1-bydroxyetbylidcne- 
1,1 -diphospbonic acid. 
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TABLE 5-continued 



Patienl Product/ Treatment. Initial Color Final Coloi 

• ' Example Tunc (minutes) L • b L a , b AE 

4 Opalescence 840 52.78 1.75 6.14 57.26 1.42 Z10 6.04 

5 Opalescence 840 56.35 1.79 5.21 59.13 0.65 144 4.09 

6 Opalescence 840 55.71 2.72 7.10 58.60 1J09 4.75 4.07 



The average AE for ibe Example IB group was 732, 7. The method of claims 1 or 2 wherein the mixture 
whereas the average AE for the Opalescence group was 4.73. includes at least 70% water by weight, based on the weight 
The present inventive compositions are thus shown to offer . of ibe mixture. 

a substantially improved degree of tooth bleaching in a 8. The method of claim 1 wherein the hydrogen peroxide 
shorter exposure lime than a prior an composition. precursor compound is a member selected from the group 

What is claimed is: consisting of an alkali metal percarbonate, carbamide 

1. A method for whitening the leetb of a subject compris- peroxide, calcium peroxide and an alkali metal perborate. 
iug : 9. The method of claim 1 wherein the anhydrous carrier 

providing a muJti chamber vessel, the vessel including ■ is a member selected from the group consisting of glycerine, 
first chamber having a first formulation comprising a 20 propylene glycol and polyethylene glycol, 
hydrogen peroxide precursor compound and an army- 10. The method of claims 1 or 2 wherein the alkaline pH 
drous carrier wherein the first formulation is substan- . adjusting agent is a member selected from the group con- 
tially free of an alkaline pH adjusting agent; and sisting of alkali metal hydroxides, ammonium hydroxide, 

a second chamber having a second formulation compris- metal carbonates, TRIS, and tnethanolamine. 

ing an alkaline pH-adjusting agent and wherein the 25 11. The method of claim 3 wherein the stabilizing agent 
second formulation is substantia^ free of the hydrogen ,» a member selected from the group consisting of sodium 
peroxide precursor compound; ?*? Pyrophosphate soium stannale Uibydratc, and 1- 

' , F , . !. i.- . i j* — bydroxyetbylidene-l,l-dipbosphonic acid. 

the first formulation or the second formulation including n Tbc melbod of c]aim 4 whcrein mc ca i c ium chelating 

a thickener and ^ zgtnl is a member selected from the group consisting of 

applying pressure to the multi chamber vessel so as to EDTA, salts of EDTA, citric acid, salts of citric acid, 

force the first and second formulations through a mixer gluconic acid, salts of gluconic acid, alkali metal pyropbos- 

to form a mixture which then emerges from a single phales and alkali metal polyphosphates, 

exit, the mixture being a thickened, aqueous hydrogen 13. The method of claims 1 or 2 wherein the thickener is 

peroxide containing composition having a pH of a high molecular weight crosslinked polyacrylic add. 

greater than 5.5; and 14. The method of claim 2 wherein the mixture has • 

contacting the mixture to the teeth of the subject for less hydrogen peroxide concentration of less than 15% by weight 

than one hour. of the mixture. 

2. A method for whitening the teeth of a subject compris- 15. The method of claim 3 wherein the stabilizing agent 

jag: may also act as a calcium chelating agent. 

providing a multi chamber vessel, tbc vessel including a 40 16. The method of claims 1 or 2 wherein the mixture has 

first chamber having a first formulation comprising a pH within a range of between approximately 7.5 and 

hydrogen peroxide and an aqueous carrier wherein the approximately 9.0. • 

first formulation is substantially free of an alkaline pH 17. The method of claims 1 or 2 wherein tbc mixture has 

adjusting agent; and « 8 pH of approximately 8.0. 

a second chamber having a second formulation compris- >?• A method for whitening the teeth of a subject com- 
ing an alkaline pH-adjusting agent and wherein the pnsing: . 
second formulation is substantially free of hydrogen providing a kit including a first tube and a second tube, the 
peroxide* ^bts adapted to keep apart two formulations, the first 

the first formulation or the second formulation including » !ube and lbc sccond lubc respectively include: 

a thickener and . a first formulation comprising hydrogen peroxide and an 

applying pressure to the multi chamber vessel so as to «i™ow carrier wherein the first formulation is sub- 

force the first and second formulations through a mixer Manually free of an alkaline pH adjusting agent; and 

to form a mixture which then emerges from a single a second formulation comprising an alkaline pH-adjusung 

exit, the mixture being a thickened, aqueous hydrogen 55 a E cnt * nd wherein the second formulation is substan- 

pcroxide containing composition having a pH of ti ally free of the hydrogen peroxide; 

greater than 53; and the first formulation or the second formulation including 

contacting the mixture to the teeth of the subject for less a thickener and mixing the first formulation and the 

than one hour. second formulation to form a thickened, aqueous, 

3. The method of claims 1 or 2 wherein the mixture « hydrogen peroxide containing mixture, wherein the 
includes a stabilizing agent. mixture has a pH of greater than S3; and 

4. The method of claims 1 or 2 wherein the mixture contacting the mixture to the teeth of the subject for less 
includes a calcium chelating agent. than one hour. 

5. The method of claims 1 or 2 wherein the mixture has 19. The method of claim 18 wherein the mixture includes 
a pH within a range of between about 6 to about 10. 65 a stabilizing agent. 

6. The melbod of claims 1 or 2 wherein the mixture has 20. The method of claim 18 wherein the mixture includes 
a pH within a range of between about 7 to about 10. a caldum chelating agent. 
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21. Tbe method of claim 18 wherein the mixture has a pH 
within a range of between about 6 to about 10. 

22. The method of claim 18 wherein the mixture has a pH 
within a range of between about' 7' to about 10. 

23. The method of claim 18 wherein the mixture includes 5 
at least 70% water by weight, based on the weight of the 
mixture. 

24. The method of claim 18 wherein the alkaline pH 
adjusting agent is a member selected from the group con* 
sisting of alkali metal hydroxides, ammonium hydroxide, io 
alkali metal carbonates, TRIS, and triethanolamine. 

25. The method of claim 19 wherein the stabilizing agent 
is a member selected from the group consisting of sodium 
acid pyrophosphate, sodium stannate tribydrate, and 

1 -hydroxy ethyl idene-l,l-diphosphonic acid. 15 

26. The method of claim 20 wherein the calcium chelating 
agent is a member selected from the group consisting of 
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EDTA, salts of EDTA, citric acid, salts of citric acid, 
gluconic add, salts of gluconic acid, alkali metal pyrophos- 
phates and alkali metal polyphosphates. 

27. The method of claim 18 wherein the thickener is a 
high molecular weight crosslinked polyacrylic acid 

28. The method of claim 18 wherein the mixture has a 
hydrogen peroxide concentration of less than 15% by weight 
of the mixture, 

29. The method of claim 19 wherein the stabilizing agent 
may also act as a calcium chelating agent. 

30. The method of claim 18 wherein the mixture has a pH 
within a range of between approximately 7.5 and approxi- 
mately 9.0. 

31. The method of claim 18 wherein the mixture has a pH 
of approximately 8.0. 
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staining (color by the CIELAB protocol) with a Minolta . hydrogen peroxide and urea is released following dissocu* 

5031 Spectrophotometer (3mm aperture, 8 exposure tion of carbamide peroxide. 

averaging, outliers discarded). Incisors were covered with Example 5: In vivo demonstration of tooth bleaching 

different tooth -bleaching compositions in the tables above, ' , . _ 

in addition to a commercially available carbamide peroxide 5 S * volunteers aged 25 to 43 were separated into two 

composition (Opalescence 10% Carbamide Peroxide Gel. g™ps of two and custom dental trays were fashioned for 

Ultradent, South Jordan, Utah). All gels were kept in contact each participant in the study. 

with the incisor surface for exactly 15 minutes, whereupon One group was given an u marked 2 oz. tube containing 

the tooth was rinsed clean of any gel residue with distilled the composition of Example IB and instructed to place a 

water and swabbed with saliva. The degree of stain removal 10 small amount of tooth-bleaching material into the tray, 

was thereafter immediately determined by measuring the position the tray over the teeth, and leave the tray in place 

incisor surface, as above, for color, and the change in tooth f or 20 minutes. Patients were instructed to repeated this 

color recorded below as AE. Absolute color change is procedure twice a day for one week, for a total of 14 

defined as the square root of the sum of the squares of all treatments and 280 minutes total tooth whitener exposure 
color components (L, a, and b). 15 

The second group was given an unmarked 2 oz. tube of 

v[(AL) , +(Ae) , ]-AE Opalescence 10% Carbamide Peroxide tooth-bleaching gel 

TABLE 4 



Product/ . pH Initial Color Final Color 



Tboth# 


Example 


(net) 


L 


■ 


b L 


• 


b 


oJE 


1 


Opalescence 


6.5 


41.79 


3.17 


11.78 44.29 


236 


11.70 


241 


2 


Example 3 


4.5 


39.84 


4.99 


1100 43.96 


4.47 


1094 


4.29 


3 


IE 


6.0 


40.44 


4.41 


9.53 46J2 


3.48 


744 


6.27 


4 


1A 


7.0 


36.02 


3.84 


10.10 4247 


249 


&28 


6.91 


5 


IB 


7.0 


38.81 


3.98 


1148 45.92 


248 


8-81 


7.73 


6 


1C 


7.0 


36.90 


4.05 


12.61 44.11 


2.45 


1043 


747 


7 


10 


ao 


4155 


3.67 


1041 49.77 


1.26 


7.82 


8.98 


8 


IP 


6.5 


38.55 


5.01 


10.87 44.78 


3.67 


940 


642 


9 


io 


84 


40.26 


449 


9.93 48.28 


3.13 


7.97 


848 


10 


Example 2 


9.0 


36.49 


4.00 


12.64 44.93 


2.20 


10.63 


8.78 



This table shows the effect of pH on tooth bleaching. As and instructed as above, with the exception of the duration 

shown for tooth #2 treated with the formulation of Example of the bleaching procedure to be 60 minutes. Patients were 

3 and tooth #3 treated with the formulation of IE in Example instructed to repeat the procedure twice a day for one week, 

1, the increase in pH from 44 (2) to 6.0 (3) results in an for a total of 14 treatments and 840 minutes total tooth- 
increased AE from 4.29 to 6.27. 40 bleaching exposure time. 

The table further shows the positive effect of the calcium The results of direct tooth surface (upper left central 

chelating agent on tooth bleaching. For example, for 1 A, IB, incisor) color measurements, both before and after treatment 

and 1C (all at pH 7.0), 1A lacked a calcium chelating agent (as in Example 5 above), are recorded in the Table 5 below. 

TABLE 5 



Products 


TYeatmeot 


Initial Color 


Final Color 




Patient • Example 


' Time (minutes) 


Lib 


La b 


AE 


1 IB 


280 


53.76 4.6S 11.65 


6044 057 &80 


8.06 


2 IB 


280 


49.42 2S1 9.48 


5659 0.46 738 


8.25 


3 IB 


280 


51.26 243 8.25 


55.63 0.87 459 


5.65 


4 Opalescence 


640 


52.78 1.75 6.14 


57.26 1.42 XI 0 


6.04 


5 Opalescence 


840 


5645 1.79 5.21 


59.13 0.65 144 


4.09 


6' Opalescence 


840 


55.71 2.12 7.10 


58.60 1j09 4.75 


4JJ7 



whereas IB and 1C contained a chelating agent There was The average AE for the Example IB group was 7.32, 

an observed improvement in AE in the presence of the whereas the average AE for the Opalescence group was 4.73. 

. . ,. „ , - . • tMt uM^M nn r.e„ii« ™~t~ The present inventive compositions are thus shown to offcr 

chelating agent The best tooth-bleaching results were 60 a su &tantially improved degree of tooth bleaching in t 

obtained at the highest pH, namely, in this experiment, pH shorter exposure time than a prior art composition. 

8.0 and pH 9.0. I claim: 

' _ . . _ . . „ 1. A single exit multi compartment vessel with a mixer, 

• Opalescence is a commercial product which has been pH whosc comparlmcnls are adapted to keep apart two formu- 

adjusted to pH 6.5 before use but shows a poor performance $5 lations and whose compartments respectively include: 

with regard to color change over the lime of the experiment a first formulation comprising a hydrogen peroxide pre- 

It is proposed that the pH of the formulation is lowered as cursor compound and an anhydrous carrier wherein the 



US 6,536,628 B2 

9 10 

first formulation is substantially free of ao alkaline pH 7. The vessel of claims 1 or 2 wherein the mixture 

adjusting agent; and includes at least 70% water by weight, based on the weight 

a second formulation comprising sn alkaline pH-adjusting of the mixture. ^ 

agent and wherein the second formulation is substan- 8. The vessel of claim 1 wherein the hydrogen peroxide 

tially free of the hydrogen peroxide precursor com- 5 precursor compound is a member selected from the group 

pound; " consisting of an alkali metal percarbooate, carbamide 

the first formulation or the second formulation including peroxide, calcium peroxide and an alkali metal perborate, 

a thickener and whereby applying pressure to the vessel 9. The vessel of claim 1 wherein the anhydrous earner is 

forces material from the compartments through the a member selected from the group consisting of glycerine, 

mixer to form a thickened, aqueous hydrogen peroxide 10 propylene glycol and polyethylene glycol, 

containing mixture emerging from the single exit in the 10. The vessel of claims 1 or 2 wherein the alkaline pH 

vessel, wherein the mixture has a pH of greater than adjusting agent is a member selected from the group con- 

5.5. sisting of alkali metal hydroxides, ammonium hydroxide, 

2. A single exit multi compartment vessel with a mixer, ^ alkali metal carbonates, TRIS, and trietbanolamine. 
whose compartments arc adapted to keep apart two formu- n t vessel of claim 3 wherein the stabilizing agent is 
lations and whose compartments respectively include: a mem ber selected from the group consisting of sodium acid 

a first formulation comprising hydrogen peroxide and an pyrophosphate, sodium stannate iribydrate, and 

aqueous carrier wherein the first formulation is sub- l-bydroxycibylidene-l,l-dipbosphonic acid, 

stantially free of an alkaline pH adjusting agent; and M 12. The vessel of claim 4 wherein the calcium chelating 

a second formulation comprising an alkaline pH-adjusting agent is a member selected from the group consisting of 

agent and wherein the second formulation is substan- EDTA, salts of EDTA, citric acid, salts of citric acid, 

tially free of the hydrogen peroxide; gluconic acid, salts of gluconic acid, alkali metal pyrophos? 

the first formulation or the second formulation including phates and alkali metal polyphosphates. 

a thickener and whereby applying pressure 10 the vessel 25 13. The vessel of claims 1 or 2 wherein the thickener is 1 

forces material from the compartments through the high molecular weight crosslinked polyacrylic acid, 

mixer to form a thickened, aqueous hydrogen peroxide 14. The vessel of claim 2 wherein the mixture has a 

containing mixture emerging from the single exit in the hydrogen peroxide concentration of less than 15% by weight 

vessel, wherein the mixture has a pH of greater than of the mixture. 

5^ 30 15. The vessel of claim 3 wherein the stabilizing agent 

3. The vessel of claims 1 or 2 wherein the mixture may also act as a calcium chelating agent. 

includes a stabilizing agent. 16- The vessel of claims 1 or 2 wherein the mixture has 

4. The vessel of claims 1 or 2 wherein the mixture a pH within a range of between approximately 7.5 and 
includes a calcium chelating agent. approximately 9.0. 

5. The vessel of claims 1 or 2 wherein the mixture has a 35 17. The vessel of claims 1 or 2 wherein the mixture has 
pH within a range of between about 6 to about 10. a pH of approximately 8.0. 

6. The vessel of claims 1 or 2 wherein the mixture has a 
pH within a range of between about 7 to about 10. 
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COMPONENT 


AMOUNT 


U$ht Mineral Oil USP 


87 grams 


Sodium Percarbooate (Solv«y-FBlX) 


10 grams 


Malic Acid (Powdei FCQ 


3 grams 


TOTAL 


100 grains 



10 



The above components were slurried until a fine disper- 
sion of solids was obtained. Agitation continued during the 
spray process to prevent the settling out of the solids. The 
sprayed rawhide chews were dried at room temperature for 
24 hours, during which time the initial surface gloss JS 
observed on the freshly sprayed chews disappeared 

In order to determine the ability of the spray-coated 
rawhide chew to generate pH -adjusted hydrogen peroxide 
upon contact with water, single chews cut into four pieces 
and weighed.^An-equivalent-amount.of distilled_w.aler_was_^_ 
weighed out and the coated chews vortexed in the water for 
15 seconds. The Achew fluid® contained a hydrogen per- 
oxide concentration of 6.53 millimolar at a pH of 5.84 at 25° 
C. 25 
Example V 
Delivery of the Oral Composition in a Gel 

Ad anhydrous carbamide peroxide gel composition was 
prepared in order to demonstrate another option for delivery 30 
of the composition to the oral cavity. 



TABLE 6 



COMPONENT 



AMOUNT 



Glycerine 99.7% USP 93.45 grams 

Carbopol 980 NF (BF Goodrich) 2.00 grams 

Carbamide Peroxide (Degussa) USP 0.05 grams 

Distilled Water 3 00 grams 

Tri*(hydroxymetbyI>minomelhane USP 1.50 grams 

TOTAL 100 grams 



35 



40 



50 



The Carbopol 980 NF was dispersed under high shear in 
the Glycerine 99.7% USP and subsequently deaerated. The 
Carbamide Peroxide was then dissolved in this mixture 45 
under low shear mixing. The Tris(hydroxymethyl) 
aminomethane was dissolved in the Distilled Water, and this 
phase dispersed into the main phase under 28@ Hg vacuum 
in order to avoid entrapment of air. The resulting gel was 
highly viscous and transparent. 

In the above composition, the tris(hydroxymethyl) 
aminomethane USP serves as both a neutralizcr for thick- 
ening the acidic carboxypolymethylene (Carbopol 980 NF) 
and as an aDcalizer to provide a suitable peroxidase-active 55 
pH during the use of this product. The pH of a 1:5 dilution 
(1 part Example V to 5 parts Distilled Water) is 5.4, and the 
dilution showed a hydrogen peroxide concentration of 969 
micrbmoles per liter. 

I claim: 

1. An oral care composition for activating a peroxidase 
system in an animal oral cavity, comprising: 
• a non-aqueous or otherwise substantially water-free den- 
tifrice; 

a non-en2y malic, water-soluble, finely divided hydrogen 
peroxide precursor material incorporated within the 
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dentifrice, the material capable of rapidly releasing in 
effective amount of hydrogen peroxide for activating : 
the peroxidase system in the oral cavity upon contact 
with an aqueous solution, the material coated or encap- 
sulated by being dispersed in a water insoluble, non- 
hygroscopic, viscous fluid or in a film- forming, melt- 
process able waxy solid, the fluid or solid selected from 
the group consisting o£ 

(a) liquid mineral oOs, vegetable oils, fatty esters, 
silicone fluids, fluorinated hydrocarbons and 
fluorosilicones, or (b) solid mineral oils, vegetable 
oils, fatty esters, silicone fluids, fluorinated 
hydrocarbons, fluorosilicones, stearic acid, glycerin 
monosterate, paraffin wax, microcrystallinc wax, and . 
fatty alcohols the fluid or solid being a non-solvent 
of the material; and 
a pH-adjusting agent capable of producing a selected pH 

of between about 4.0 and about 6.5 in the aqueous 

solution. 

2. A co m position according to clai m 1, wherein the 
material is finely divided sodium percarbonate. 

3. A composition according to claim 1, wherein the 
material is finely divided carbamide peroxide. 

4. A composition according to claim 1, wherein the 
material is finely divided calcium peroxide. 

5. A composition according to claim 1, further compris- 
ing: 

an abrasive. 

6. A composition according to claim 1, further compris- 
ing: 

a flavorant. 

7. A composition according to claim 1, further compris- 
ing: 

a thickener. 

8. A composition according to claim 1, further compris- 
ing: 

an alkali metal thiocyanate. 

9. A composition according to claim 8, further compris- 
ing: 

a peroxidase enzyme. 

10. A process for manufacturing an oral care composition, 
comprising: 

obtaining non-enzymatic, water-soluble .finely divided 

hydrogen peroxide precursor material, 
providing a non-aqueous or otherwise substantially water- 
free dentifrice, 
dispersing the finely divided hydrogen peroxide precursor 
material in a water insoluble, non-hygroscopic, viscous 
fluid or in a film-forming, melt-processablc waxy solid, 
the fluid of solid selected from the group consisting of: 
(a) liquid mineral oils, vegetable oils, fatty esters, 
silicone fluids, fluorinated hydrocarbons and 
fluorosilicones, or (b) solid mineral oils, vegetable 
oils, fatty esters, silicone fluids, fluorinated 
hydrocarbons, fluorosilicones, stearic acid, glycerin 
monosterate, paraffin wax, microcrystalline wax, and 
fatty alcohols, the fluid or solid being a non-solvent 
of the finely divided hydrogen peroxide precursor 
material, so as to coat or encapsulate the finely 
divided hydrogen peroxide precursor" material, 
associating the finely divided hydrogen peroxide precur- 
sor material with a pH-adjusting agent capable of 
producing a selected pH of between about 4.0 and 
about 6.5 in an aqueous solution, and 
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incorporating ihc associated material within the denti- 
frice. 

11. A method of activating a peroxidase system in an oral 
cavity of an animal, comprising: 

selecting non-enzymatic, water-soluble, finely divided 5 
hydrogen peroxide precursor material capable of rap- 
idly releasing an effective amount of hydrogen perox- 
ide for activating the peroxidase system in the oral 
cavity upon contact with an aqueous solution, the 
material coated or encapsulated by being dispersed in a 
water insoluble, non-hygroscopic, viscous fluid or in a 
film- forming, melt-processable waxy solid, the fluid or 
solid selected from the group consisting of: 
(a) liquid mineral oils, vegetable oils, fatty esters, 
silicone fluids, fluorinated hydrocarbons and 
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fluorosilicones, or (b) solid mineral oils, vegetable 
oils, fatty esters, silicone fluids, fluorinated 
hydrocarbons, fluorosilicones, stearic acid, glycerin 
monosterate, paraffin wax, microcrystalline wax, and 
fatty alcohols, the fluid or solid being a non-solvent 
of the material, 
mixing the material with a pH-adjusting agent capable of 

producing a selected pH of between about 4.0 and 

about 6.5 in the aqueous solution, and 
administering to the oral cavity, the material and 

pH-adjusting agent incorporated within a non-aqueous 

or otherwise substantially water-free dentifrice. 
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LIGHT-ACTIVATED TOOTH WHITENING COMPOSITION 

AND METHOD OF USING SAME 

RELATED APPLICATIONS DATA 

This application is a continuation-in-part of application Ser. No. 09/651 ,170, filed August 
30, 2000, which is a continuation of application Ser. No. 09/234,038, filed January 19, 1999 now 
U.S. Pat, No. 6,162,055, which claims priority to U.S. Provisional No. 60/074,708, filed 
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FIELD OF THE INVENTION 

The present invention relates to compositions and methods for tooth whitening. 
BACKGROUND OF THE INVENTION 

This invention relates to improvements in tooth whitening compositions and methods of 
using same. In particular, the invention provides novel tooth whitening compositions and 
methods that use light energy to achieve a faster and improved level of tooth whitening. 

White teeth have long been considered cosmetically desirable. Unfortunately, due to the 
presence of chromogenic (color-causing) substances in food, beverages, tobacco, and salivary 
fluid, in addition to internal sources such as blood, amalgam restoratives, and antibiotics such as 
tetracycline, teeth become almost invariably discolored in the absence of intervention. The tooth 
structures that are generally responsible for presenting a stained appearance are enamel, dentin, 
and the acquired pellicle. Tooth enamel is predominantly formed from inorganic material, mostly 
in the form of hydroxy apatite crystals, and further contains approximately 5% organic material 
primarily in the form of collagen. In contrast, dentin is composed of about 20% pfbtiiiii mending 
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collagen, the balance consisting of inorganic material, predominantly hydroxyapatite crystals, 
similar to that found in enamel. The acquired pellicle is a proteinaceous layer on the surface of 
tooth enamel which reforms rapidly after an intensive tooth cleaning. 

Tooth stains may be either extrinsic or intrinsic, depending upon their location within the 
tooth surface. For example, extrinsic staining of the acquired pellicle arises as a result of 
compounds such as tannins and other polyphenols compounds which become trapped in and 
tightly bound to the proteinaceous layer on the surface of the teeth. This type of staining can 
usually be removed by mechanical methods of tooth cleaning that remove all or part of the 
acquired pellicle together with the associated stain. In contrast, intrinsic staining occurs when 
chromogens or prechromogens penetrate the enamel and dentin and become tightly bound to the 
tooth structure. Intrinsic staining may also arise from systemic sources of chromogens or 
prechromogens, for instance, when excess fluoride intake during enamel development leads to 
the mottled yellow or brown spots typical of fluorosis staining. Intrinsic staining is not amenable 
to mechanical methods of tooth cleaning and generally requires the use of chemicals, such as 
hydrogen peroxide, that can penetrate into the tooth structure, in order to affect a change in the 
light absorptivity of the chromogen. Intrinsic tooth staining is generally more intractable and 
difficult to remove than extrinsic tooth staining. 

Consequently, tooth-bleaching compositions generally fall into two categories: (1) gels, 
pastes, or liquids, including toothpastes that are mechanically agitated at the stained tooth surface 
in order to affect tooth stain removal through abrasive erosion of stained acquired pellicle; and 
(2) gels, pastes, or liquids that accomplish the tooth-bleaching effect by a chemical process while 
in contact with the stained tooth surface for a specified period, after which the formulation is 
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removed. In some cases, an auxiliary chemical process or additive, which may be oxidative or 
enzymatic, supplements the mechanical process. 

Among the chemical strategies available for removing or destroying tooth stains, the 
most effective compositions contain an oxidizing compound, such as hydrogen peroxide, in order 
to attack the chromogen molecules in such a way as to render them colorless, water-soluble, or 
both. In one of the most popular approaches to whitening a patient's teeth, a dental professional 
will construct a custom-made tooth-bleaching tray for the patient from an impression made of the' 1 
patient's dentition and prescribe the use of an oxidizing gel to be dispensed into the tooth- 
bleaching tray and worn intermittently over a period of time ranging from about 2 weeks to about 
6 months, depending upon the severity of tooth staining. These oxidizing compositions, usually 
packaged in small plastic syringes, are dispensed directly by the patient, into the custom-made 
tooth-bleaching tray, held in place in the mouth for contact times of greater than about 60 
minutes, and sometimes as long as 8 to 12 hours. The slow rate of bleaching is in large part the 
consequence of the very nature of formulations that are developed to maintain stability of the 
oxidizing composition. The most commonly used oxidative compositions contain the hydrogen 
peroxide precursor carbamide peroxide which is mixed with an anhydrous or low- water content, 
hygroscopic viscous carrier containing glycerin and/or propylene glycol and/or polyethylene 
glycol. When contacted by water, carbamide peroxide dissociates into urea and hydrogen 
peroxide. Associated with the slow rate of bleaching in the hygroscopic carrier, the currently 
available tooth-bleaching compositions cause tooth sensitization in over 50% of patients. Tooth 
sensitivity is believed to result from the movement of fluid through the dentinal tubules, which is 
sensed by nerve endings in the tooth. The carriers for the carbamide peroxide enhance this 
movement. In fact, it has been determined that glycerin, propylene glycol and polyethylene 
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glycol can each give rise to varying amounts of tooth sensitivity following exposure of the teeth 
to heat, cold, overly sweet substances, and other causative agents. 

Prolonged exposure of teeth to bleaching compositions, as practiced at present, has a 
number of adverse effects in addition to that of tooth sensitivity. These include: solubilization of 
calcium from the enamel layer at a pH less than 5.5 with associated demineralization; penetration 
of the intact enamel and dentin by the bleaching agents, so as to reach the pulp chamber of a vital 
tooth thereby risking damage to pulpal tissue; and dilution of the bleaching compositions with 
saliva resulting in leaching from the dental tray and subsequent ingestion. 

Alternatively, there are oxidizing compositions (generally those with relatively high 
concentrations of oxidizers) which are applied directly to the tooth surface of a patient in a dental 
office setting under the supervision of a dentist or dental hygienist. Theoretically, such tooth 
whitening strategies have the advantage of yielding faster results and better overall patient 
satisfaction; however, due to the high concentration of oxidizing compounds contained in these 
so called "in-office" compositions, they can be hazardous to the patient and practitioner alike if 
not handled with care. The patient's soft tissues (the gingiva, lips, and other mucosal surfaces) 
must first be isolated from potential exposure to the active oxidizing compound by the use of a 
perforated rubber sheet (known as a rubber dam), through which only the teeth protrude. 
Alternatively, the soft tissue may be isolated from the oxidizers to be used in the whitening 
process by covering said soft tissue with a polymerizable composition that is shaped to conform 
to the gingival contours and subsequently cured by exposure to a high intensity light source. 
Once the soft tissue has been isolated and protected, the practitioner may apply the oxidizing 
compound directly onto the stained tooth surfaces for a specified period of time or until a 
sufficient change in tooth color has occurred. Typical results obtained through the use of a in- 



office tooth whitener, with or without activation by heat, range from about 2 to 3 shades (as 
measured with the VITA® Shade Guide, VITA® Zahnfarbik, Bad Sackingen, Germany). 

The range of tooth shades in the VITA® Shade Guide varies from very light (Bl) to very 
dark (C4). A total of 16 tooth shades constitute the entire range of colors between these two 
endpoints on a scale of brightness. Patient satisfaction with a tooth whitening procedure 
increases with the number of tooth shade changes achieved. Typically, the minimum generally 
accepted change is about 4 to 5 VITA® shades. 

Attempts have been made to activate peroxides with heat and/or light for the purpose of 
whitening teeth. U.S. Pat. No. 4,661 ,070 discloses a method of whitening stained teeth which 
includes the application of a concentrated solution of hydrogen peroxide within the pulp chamber 
or upon the surface of a discolored tooth, followed by exposing the discolored tooth to optical 
energy consisting of both ultraviolet and infrared light. The preferred wavelengths of light 
disclosed by this patent are from 320 to 420 nanometers and from 700 to 1200 nanometers, with 
light in the visible spectrum (wavelengths from 500 and 700 nanometers) being suppressed. The 
disclosed method suffers from two serious drawbacks: (1) ultraviolet light can be hazardous to 
the patient and practitioner alike and (2) infrared light may cause irreversible pulpitis if not 
handled with care. 

" These drawbacks are partially addressed in U.S. Pat No. 4,952,143 which discloses a 
dental bleaching instrument which filters out ultraviolet light and has a temperature regulation 
mechanism. This patent also discloses the use of visible light with wavelengths ranging from 450 
to 500 and 650 to 750 nanometers to produce a dark reddish/purple beam which facilitates the 
aiming and focusing of the instrument 
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U.S. Pat. No. 5,032,178 discloses compositions and methods to improved tooth whitening , 
efficacy which uses exposure to "optical energy", preferably in the visible spectrum wavelength • 
range of 400 to 700 nanometers. The compositions disclosed in this patent require the use of (1) 
an inert silica gelling agent, (2) a catalytic accelerator (either manganese sulfate monohydrate or 
ferrous sulfate), (3) an agent for providing thixoplasticity and thickening properties to the 
composition, such as cellulose ethers and methyl vinyl ethers, and (4) a means for indicating 
completion of the bleaching treatment of the teeth, comprising a redox color indicator for 
transforming from one color to another in response to the dissociation of hydrogen peroxide over 
a given time period. Compositions described therein are mixed homogeneously prior to use and 
all of the required components, including the catalyst, are dispersed evenly throughout the 
mixture. The compositions described are not highly transparent to light energy in the range of 
400 to 700 nm, due to the presence of the high levels of inorganic silica particles. Commercial 
mixtures based on this patent (available under the trade name Shofu Hi-Lite® from Shofu Dental 
Corporation, Menlo Park, Calif.) confirm that these preparations are not transparent to visible 
light, but rather are quite opaque. Typical results obtained using such compositions and methods 
are about 2 to 3 VITA® shades improvement in tooth color, similar to that achieved with 
compositions that do not employ light energy in the process of bleaching teeth. 

U.S. Pat. No. 5,240,415 discloses a dental bleaching system comprising a multi- 
component kit, one of the required components of said kit being fumed silica. As described 
above, silica renders an aqueous composition relatively opaque to visible light energy. Again, a 
tooth shade improvement of about 2 to 3 VITA® shades can be expected through the use of this 
type of composition. 



6 



PROPRIETARY 



A commercial product called Opalescence Xtra available for bleaching teeth in the 
controlled environment of a dental office has recently been introduced by Ultradent Products, 
Inc, South Jordan, Utah. This product is believed to be based on the disclosure of U.S. Pat. No. 
5,785,527. The commercial product is supplied in a plastic syringe and is described in the 
accompanying literature as a light-activated tooth whitening gel, which contains approximately 
35% hydrogen peroxide. A pH determination showed the product to have a neat pH at 25° C. of 
about 4.0. The product is thickened to a loose, gel-like consistency with a polymer. Additionally, 
the product as sold, and as disclosed in U.S. Pat. No. 5,785,527, contains a bright orange pigment 
or dye (carotene), which presumably serves as the "photosensit}zer". The manufacturer also 
claims that the photosensitizer is able to absorb light energy and convert it into heat energy, 
thereby increasing the activity of the peroxide as a tooth bleaching compound. The presence of a 
photoabsorber in the aforementioned composition renders it relatively opaque to wavelengths 
from about 400 to 700 nm. Exposure of this composition to light energy between 400 and 700 
nm results in a gradual fading of the orange color, presumably due to a photobleaching effect in 
the presence of the hydrogen peroxide. Comparative clinical results show an improvement in 
tooth color of from about 3 to 4 VITA®.shades, which is highly dependent upon the contact time 
of the composition on the tooth surface, rather than any particular light or heat activation 
regimen. In addition, the low pH of the commercial product may cause a reduction in the 
microhardness of tooth enamel, due to the dissolution of hydroxyapatite crystals (which can 
occur at a pH of around 5.5 or less). 

Devices for use in light/heat-activated tooth whitening procedures include the 
commercially available Union Broach Illuminator System, from Union Broach, a Health\Chem 
Company, New York, N.Y. This device, as described by the manufacturer, provides direct, full 
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spectrum illumination to all of the teeth found in the front of the average adult's mouth. 
However, this device does not uniformly illuminate all sixteen central teeth in the front upper 
and lower arches because of the curvature of the dentition. This potentially gives rise to uneven 
results. In addition, the Union Broach device generates a great deal of heat which is both 
uncomfortable for the patient and potentially damaging to the teeth. 

There is thus a need for improved compositions, methods and devices for whitening teeth 
that overcome the limitations of the prior art described above. In particular, there is a need for 
tooth whitening compositions and methods capable of whitening teeth quickly and safely, 
without harm to tooth enamel, dentin, or pulp. The compositions and methods of the present 
invention described herein satisfy these and other needs. 

It is an object of this invention to provide fast and safe tooth whitening compositions and 
methods that can be activated or accelerated by the use of light energy. 

It is a further object of this invention to provide a tooth whitening composition that 
shortens the treatment time required to obtain a given level of tooth whitening that is satisfactory 
to both the patient and the dentist. 

It is another object of the present invention to provide tooth whitening compositions that 
are relatively transparent to light energy in the wavelength range at which tooth chromogens 
absorb in order to allow exposure of the tooth enamel surface to said light energy while in 
contact with said tooth whitening compositions. 

It is yet another object of this invention to provide compositions and methods for 
whitening teeth whereby the extent of tooth whitening, in addition to the types of tooth stains 
removed, can be controlled by the duration, intensity and wavelength of actinic radiation 
exposure at the tooth surface. 
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SUMMARY OF THE INVENTION 

The present invention encompasses methods for whitening teeth, wherein a stained tooth ' 
surface is contacted with (i) an accelerator composition having a pH range of approximately 7.0 
to approximately 10.0 and (ii) an oxidizing composition and, after contacting with the 
composition and agent, the tooth is exposed to a biologically safe and effective level of 
photoactinic light in order to enhance the ability of the oxidizing compound in the whitening 
composition to effect rapid tooth whitening. The accelerator composition may be included in the' 
same composition (for example, mixed with the oxidizing compound just prior to application 
onto the stained tooth surface) or it may be a separate and distinct composition from the 
oxidizing compound (for example, applied onto the stained tooth surface in a sequential manner 
with one or more other compositions). In one method of the present invention, a stained tooth 
surface is contacted with the accelerator composition prior to contacting the tooth surface with 
the oxidizing compound. In another embodiment, a stained tooth surface is contacted with the 
oxidizing composition prior to contacting the tooth surface with the accelerator composition. In 
yet another embodiment, one of the sequential application methods described above is repeated 
two or more times over the course of a full tooth whitening procedure. 

The present invention encompasses methods for whitening teeth comprising the use of an 
accelerator composition, wherein the accelerator composition comprises at least one means for 
accelerating the decomposition of an oxidizing compound in contact with a stained tooth. The 
accelerator composition may comprise one or more means for accelerating the decomposition of 
an oxidizing compound in contact with a stairic<3 tooth, including an alkaline pH adjusting agent 
and a photosensitive agent. In another embodiment of the present invention, the accelerator 
composition comprises both a photosensitive agent and an alkaline pH adjusting agent. 
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Optionally, any one of the above accelerator compositions may further comprise a performance 
enhancing adjuvant such as a buffer, penetration enhancer, surfactant,, tooth desensitizing agent, ■. 

r 

a film forming agent, or a thickener. 

Also disclosed and contemplated within the scope of this invention are the compositions '* 
and compounds described above and devices for whitening teeth, wherein a minimum of eight 
central teeth in both the upper and lower arches in an adult are simultaneously and uniformly 
illuminated with a biologically safe and effective level of actinic light to effect rapid tooth v 
whitening. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a diagram of a device for illuminating the eight central teeth in both the upper 
and lower arches of an adult for use in a light-activated tooth whitening procedure. 

FIG. 2 is a diagram illustrating the position of two devices for illuminating the eight 
central teeth in both the upper and lower arches of an adult for use in a light-activated tooth 
whitening procedure. 

FIG. 3 is a graph of Comparative Spectra. 

FIG. 4A-E are Spectral Curves of Light Attenuation. 

FIG. 5 is a graph illustrating the change in pH after addition of acid (HC1) or base 
(NaOH) to glycine. 

FIG. 6 is a histogram of pre-treatment and post-treatment tooth shades utilizing the tooth 
whitening composition of the present invention. 

FIG. 7 is a histogram depicting whitening success factors for starting shades utilizing the 
tooth whitening composition of the present invention. 
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DETAILED DESCRIPTION 

This section details the preferred embodiments of the subject invention. These 
embodiments are set forth to illustrate the invention, but are not to be construed as limiting. 
Since the present disclosure is directed to those skilled in the art field and is not a primer on the 
manufacture of tooth whitening compositions or their use or on devices for using such 
compositions, basic concepts and standard features known to those skilled in the art are not set 
forth in detail. Details for concepts such as choosing appropriate construction materials or 
ingredients, operating conditions or manufacturing techniques, etc. are known or readily 
determinable to those skilled in the art. Attention is directed to the appropriate texts and 
references known to those skilled in the art for details regarding these and other concepts which 
may be required in the practice of the invention; see, for example, Kirk-Othmer Encyclopedia of 
Chemical Technology, 4th Edition, Volumes 4 (1992), 13 (1995), 18 (1996), John Wiley & Sons, 
NY; Goldstein and Garber, Complete Dental Bleaching, Quintessence Publishing Co. 1995; and 
the aforementioned Journal of the American Dental Association, Vol. 128, Special Supplement, 
April 1997, the disclosures of which are hereby incorporated by reference into the present 
disclosure to aid in the practice of the invention. 

The development of the inventive compositions and methods described herein resulted 
from the unexpected discovery that extremely rapid tooth whitening occurs by allowing actinic 
radiation to penetrate through the oxidizing compound, which is placed directly onto the tooth 
surface to be whitened. This discovery is antithetical to all prior art compositions that include a 
light (or heat) absorbing additive dispersed directly in and homogeneously throughout the 
oxidizing compound. The inventive compositions, on the other hand, allow actinic radiation to 
reach the stained tooth surface at higher power densities than prior art compositions that are 
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specifically designed to absorb light. Actinic radiation is thus more effectively utilized compared , 
to prior art compositions and methods in which compositions are both opaque to most 
wavelengths of light and are activated directly by the actinic radiation. As the greatest oxidizing 
activity is required in the few millimeters of enamel and dentin at the tooth surface, the present 
inventive compositions and methods are more effective at removing tooth stains, in many cases 
with lower levels of active oxidizing compounds, thereby resulting in safer compositions for use 
in the oral cavity. 

For the purpose of this disclosure, the term actinic radiation shall mean light energy 
capable of being absorbed by either an exogenous photosensitizing agent or oxidizing compound 
or an indigenous tooth chromogen. Also foT the purpose of this disclosure, photosensitizing 
actinic radiation will mean light absorbed by a specific photosensitive agent or oxidizing 
compound, whereas chromosensitizing actinic radiation will mean light absorbed by one or more 
tooth chromogens. The terms "photoactinic light", "actinic radiation" and "actinic light" will be 
referred to interchangeably. 

Also for the purposes of this disclosure, the term "transparent" shall mean having greater 
than 70% transmission of light at a specified wavelength or within a wavelength range. In 
addition, all composition ingredient percentages are by weight unless otherwise stated. 

The tooth whitening compositions of the present invention include an oxidizing 
compound and an accelerator. The oxidizing compound may be administered in the same 
composition or a separate composition from the accelerator. In one embodiment, the tooth 
whitening composition comprises an oxidizing composition and an accelerator composition that 
are sequentially applied to a patient's teeth. The accelerator composition may comprise one or 
both of an alkaline pH adjusting agent and a photosensitive agent. Optionally, a performance 
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enhancing adjuvant, such as a buffer, a penetration enhancer, a tooth-desensitizing agent, a 
fluoride compound, a thickener, or a surfactant, may be included, alone or in combination. 

Useful oxidizing compounds include liquids and gels, preferably containing a peroxide or 
peroxyacid known in the art. Such oxidizing compounds include, but are not limited to, hydrogen 
peroxide, carbamide peroxide, calcium peroxide, magnesium peroxide, zinc peroxide, sodium 
percarbonate, potassium percarbonate, , potassium persulfate, sodium persulfate, ammonium 
persulfate, disodium monoperphosphate, dipotassium monoperphosphate, peroxyacids, and * 
magnesium monoperoxyphthalate. Other oxidizing compounds include materials that release 
hydrogen peroxide upon contact with water, such as an oxidore.ductase enzyme and its 
corresponding substrate, for instance glucose oxidase and glucose. Ozone may also be used . 
alone or in conjunction with one or more of the oxidizing compounds listed herein. Often, it may 
be desirable to utilize a peroxyacid compound, such as peroxyacetic acid (for instance, when 
attempting to eliminate highly intractable tooth stains caused by tetracycline) in the tooth 
whitening composition. The peroxyacid may be included directly within the oxidizing 
composition (providing that transparency to light energy between about 350 and about 700 
nanometers is maintained). Alternatively, the peroxyacid may be formed by combining two or 
more separate phases (one of which contains a peroxyacid precursor, such as glyceryl triacetate 
and a second that contains one of the oxidizing compounds listed above) prior to application to 
the tooth surface. Preferably, the peroxyacid is formed in situ, by contacting the tooth surface 
with a peroxyacid precursor prior to the application of an oxidizing compound; the peroxyacid is 
thus formed only on and within the stained tooth structure, where it is most beneficial to the 
tooth whitening process. Suitable peroxyacid precursors include, but are not limited to, glyceryl 
triacetate, acetylated amino acids, acetylsalicylic acid, and N,N,N\N'-tetraacetyl 
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ethylenediamine, vinyl acetate polymers and copolymers, acetylcholine, and other biologically 
acceptable acetylated compounds. A peroxyacid precursor may also be included in the 
accelerator composition of the present invention. 

The oxidizing composition may be liquid, gel, or solid compositions transparent to the 
wavelength(s) of light capable of activating the photosensitizing agent at the tooth surface; light 
energy otherwise may also be attenuated by the film or layer of oxidizing compound between the 
actinic radiation source and the accelerator composition at the tooth enamel surface. Further, any 
commercially available peroxide-containing tooth whitening composition may be utilized in the 
compositions and methods of the present invention. 

When the oxidizing compound is administered in a separate composition from the 
accelerator, the oxidizing compound may be present in the oxidizing composition in an amount 
of from about 1 .0 % to about 40.0% by weight of the oxidizing composition. More particularly, 
the concentration of oxidizing compound in the oxidizing composition may range from about 
10.0 % to about 20.0% by weight, about 20.0% to about 30.0% by weight, or about 30.0% to 
about 40.0% by weight. When the oxidizing compound and the accelerator are administered in 
one tooth whitening composition, the oxidizing compound may be present in the oxidizing 
composition in an amount of from about 0.1% to about 25.0% by weight of the tooth whitening 
composition. More particularly, the concentration of oxidizing compound in the tooth whitening 
composition may range from about 1.0 % to about 5.0% by weight, about 5.0% to about 15.0% 
by weight, or about 1 5.0% to about 25.0% by weight. An example of a suitable composition that 
is transparent to light energy between 380 and 500 nm is a 6% hydrogen peroxide gel with a pH 
adjusted to about 7.0 with an alkaline pH adjusting agent. 
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Another unexpected benefit of utilizing an oxidizing compound transparent to 
photosensitizing actinic radiation is that certain wavelengths of light seem to be absorbed by 
tooth chromogens in a manner that promotes their oxidation to a non-chromogenic state. 
Reflectance studies show that dentin and enamel transmit green light, reflect yellow/red light and 
absorb blue light. Although not wishing to be bound by any particular theory, light is absorbed 
by the molecules responsible for tooth discoloration; thus, tooth chromogens may act in a 
manner similar to that of photosensitizers. In particular, exposure to certain wavelengths may 
raise the energy state level of pi electrons carbonyl (C=0), double bond (C=C) and conjugated 
double bond (C=C--C=C) moieties, making them more susceptible to attack by active oxidizing 
species such as perhydroxyl anion (HOO— ), peroxyacid anions (RCOOO-). and radical species 
such as hydroxyl radical (HO*) and perhydroxyl radical (HOO*). In order to destroy or 
solubilize chromogenic substances, the activation energy of the reaction between one of the 
above light-absorbing moieties and an active oxidizing species must be overcome; thus, light 
assisted chromogen attack leads to more efficient destruction of the molecular moieties 
responsible for the appearance of tooth discoloration by raising the energy state of electrons in 
specific chemical bonds within a light-absorbing molecule from a normal pi bonding orbital to a 
pi antibonding orbital. Whilst in the less stable pi antibonding orbital, a light absorbing double 
bond has considerable single bond character and is much more easily attacked by oxidizing 
compounds such as peroxides and peroxyacids. In theory, actinic light of a specific energy and 
wavelength, simply through the process described above, may utilize a tooth chromogen 
molecule as a photosensitizer in order to improve the efficacy of a given oxidative composition 
in contact with said tooth chromogen. 
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The accelerator of the present invention, whether present as a separate composition or / 
mixed with the oxidizing compound in a tooth whitening composition, may include at least one 
of a photosensitive agent and an alkaline pH adjusting agent. 

Photosensitizing agents useful as an accelerator in the present invention include any 
compounds capable of absorbing light energy at biologically acceptable wavelengths prescribed 
by the limits of safety for use in the oral cavity. In general, such wavelengths are from about 350 
nanometers (run) to about 700 nm, encompassing a portion of the UVA spectrum (300 to 400 v 
nm) and most of the visible light spectrum (400 to 700 nm). Examples of compounds which may 
convert light energy to either heat or chemical energy, include semiconductor particles 
(particularly nanometer-scale titanium dioxide and zinc oxide), benzophenone derivatives, 
benzotriazole derivatives, diketones (such as camphorquinone and benzil), metal-ligand 
complexes (such as ferric potassium oxalate, manganese gluconate, and various metal- 
bisphosphonate chelates), phthalocyanin-metal complexes, and others. A specific example of a 
suitable photosensitizing accelerator composition is an aqueous dispersion of zinc 1 oxide with 
particle sizes between 5 and 20 nanometers. Any molecule capable of absorbing a photon of light 
in the wavelength range of from about 350 nm to about 700 nm and subsequently converting the 
energy in said photon of light into the useful energy of oxidation either alone or in the presence 
of an auxilliary oxidizing compound, is contemplated to have utility in the practice of the present 
invention. 

It is preferred that the inventive photosensitizers are of a molecular size, charge, pH and 
hydrophobicity/hydrophilicity to allow for effective penetration into the deeper structures of 
enamel and dentin. The more readily a photosensitizer penetrates the tooth structure, the more 
likely that, upon exposure of the photosensitizer to actinic radiation at the appropriate 
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wavelength and energy, said energy will be converted into oxidative activity at the site of, or in* 
close proximity to, the chromogen itself. Photosensitizers having a molecular size, net charge, 

pH, and/or a hydrophobicity/hydrophilicity which prevent or limit penetration into deeper tooth . 

'* * 

structures are of utility in the practice of the present invention, but may be limited to the removal 
and/or destruction of chromogens located at the outer tooth surface (extrinsic stains). 

Especially preferred photosensitizers belong to the general class of water-soluble metal- 
ligand complexes which absorb light in the range of from about 350 nm to about 700 nm, and 
can catalyze the destruction of tooth stain chromophores by generating free radical species in the 
presence of an oxidizer such as hydrogen peroxide. For the purposes of the present disclosure, 
the term "ligand" will mean an organic molecule capable of complexing or associating with a 
metal ion in aqueous solution, such that the reactivity, solubility, or any other physical property 
of said metal ion is changed. Such metal-ligand complexes are also known as metal-coordination 
complexes. Suitable metals ions include iron, manganese, copper, and other transition metal ions. 
For example, ferric chloride may be utilized as the photosensitive agent of the present invention. 
Various valence states may be used or may be present simultaneously. The metal ions may be 
present in saliva, plaque, or the acquired pellicle on the tooth surface. Metal ions may also 
contribute, through formation of oxides, to certain types of tooth stains. Suitable metal ion 
ligands include chelating agents capable of associating with the metal ions above in aqueous 
solution, resulting in a water-soluble metal-chelate complex that absorbs light between about 350 
and 700 nm. Illustrative, but by no means limiting, examples of metal-coordination complexes 
are formed from the association of iron, manganese and copper with chelators such as 
ethylenediamine tetraacetic acid (EDTA), diethylenetriamine pentaacetic acid (DETPA), 
nitrilotriacetic acid (NTA), l-hydroxyethylidene-l,l-diphosphonic acid, ethylenediamine 
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tetra(methylenephosphonic acid), diethylenetriamine penta(methylenephosphonic acid), and 
polyols such as sorbitol, xylitol, mannitol, maltitol, lactito! and other non-carboxylated 
polyhydroxy compounds more fully described in EP 443,651, such description being 
incorporated herein by reference. Any organic multi-dentate chelating agent capable of forming 
a photoabsorbing coordination complex with a metal ion can be presumed to have utility in the 
present inventive compositions for and methods of whitening stained teeth. 

A number of the inventive catalytic metaMigand complexes have an absorption spectrum * 
that is pH-depe ndent; in general, such_complexes will display a greater degree of absorption 
between 350 and 700 nm at a pH of greater than about 4.0, more particularly, at a pH of about 
6.0 to about 12.0, light absorption in this range increasing with increasing pH. As the pH of the 
tooth surface is increased, for instance by use of accelerators described herein, such metaMigand 
complexes become better photoabsorbers and thus more efficient at generating free radicals in 
the presence of an oxidizer and upon exposure to light energy. For instance, the aqueous 
complex formed between l-hydroxyethylidene-l,l-diphosphonic acid and ferrous ions is 
virtually transparent to visible light at pH 3.0, but absorbs strongly in the spectral region between 
350 and 500 nm as the pH is raised to 1 1 .0. See FIG. 3. 

In some cases, a photosensitizer precursor may be included directly within the oxidizing 
composition, where it does not readily absorb light in the visible region of the spectrum from 400 
to 700 nm. However, upon contact with the tooth surface (when placed there with the oxidizing 
composition), the photosensitizer precursor may combine, for instance, with a metal ion such as 
iron present in saliva or found in the interstitial fluid of enamel and dentin, resulting in the 
formation, in situ, of an active photosensitizer capable of activating the oxidizing compound 
upon exposure to actinic radiation. As it is known that the level of certain metal ions, such as 
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iron, varies from one subject to another (and also from one tooth surface location to another), it' 
is also possible to supplement the tooth surface with one or more metal ions, in order to assure 
sufficient and homogeneous metal-Iigand levels prior to the application of a photosensitizer 
precursor. Obviously, only those compounds that are stable in a highly oxidative environment 
are suitable for inclusion directly in the oxidizing composition. An example of such a compound 
is l-hydroxyethylidene-l,l-diphosphonic acid (available commercially under the trade name 
Dequest 201 0 and sold as a 60% active solution by Monsanto Corporation, St. Louis, Mo.). v 

The ability of certain metal chelates to act as photosensitizers has been noted in the 
literature by various workers. For example, Van der Zee, et al ("Hydroxyl Radical Generation by 
a Light-Dependent Fenton Reaction" in Free Radical Biology & Medicine, Vol. 14, pp. 105-1 13, 
1993) described the light-mediated conversion of Fe (III) to Fe (II) in the presence of a chelating 
agent and hydrogen peroxide. The reduction of Fe (III) chelates by light at 300 nanometers to 
yield Fe (II) was shown to proceed steadily over a period of about 30 minutes, with conversions 
to Fe (II) ranging from about 40% to about 80%, depending upon the particular chelating 
compound studied. The Fe (II) thus created initiated a Fenton-type degradation of the hydrogen 
peroxide, yielding hydroxyl radicals that were spin-trapped and detected by electron spin 
resonance (ESR). It was not suggested or implied by the authors that this photochemical reaction 
would have utility in the oxidation of chromophores, such as those found in a human tooth. 

An alkaline pH adjusting agent of the present invention may be used as an accelerator to 
increase the pH of the oxidizing composition to a pH from about 6.0 to about 12.0, more 
particularly from about 7.0 to about 10.0. Any pharmaceutically acceptable alkaline; pH adjusting 
agent may be used in the present invention including but not limited to sodium hydroxide, 
potassium hydroxide, ammonium hydroxide, sodium carbonate, potassium carbonate, sodium 
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phosphate di- and tri-basic, potassium phosphate di- and tri-basic, sodium ^polyphosphate,- 
tris(hydroxymethyl)aminomethane, triethanolamine, polyethyleneimine, and other alkaline 
agents. The alkaline pH adjusting agent, when combined with the oxidizing compound either to 
formulation or upon application to the patient's teeth, raises the pH of the oxidizing compound. 
When the pH of the oxidizing compound, hydrogen peroxide for example, is increased, the 
oxidizing compound will degrade and generate free radicals more readily. As it degrades, the 
oxidizing compound will thus go through a degradation process conducive to destroying tooth 
stains, which accelerates the tooth whitening process. The ability of the accelerator composition 
to buffer the interface of the oxidizing compound and the tooth purface at a pH around 9 leads to 
more efficient degradation of hydrogen peroxide through non-enzymatic routes, as most 
peroxidase enzymes (including salivary peroxidase and catalase) have very low activities above a 
pH of around 8.0. Non-enzymatic hydrogen peroxide degradation methods produce 
intermediates that are known to be more conducive to chromogen (stain molecule) oxidation. 
Optionally, other means of reducing or eliminating peroxidase enzyme activity may be 
employed, and are known in the art. Such means include the addition of fluoride ion containing 
or releasing compounds, such as, for example, sodium fluoride, potassium fluoride, sodium 
monofluorophosphate, amine fluoride compounds, and other fluoride compouns. Other 
peroxidase enzyme inhibitors are known in the art and may include ethanol, for example. 

The level of alkaline pH adjusting agent, when present, is from about 0.1% to about 
90.0% by weight, more particularly, from about 1 .0% to about 20.0% by weight, most 
particularly, from about 1.0% to about 10.0% by weight of the accelerator composition. 
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Acidic pH adjusting agents, such as citric acid, phosphoric acid, and others may also be. 

used alone or in conjunction with an alkaline pH adjusting agent to obtain the desirable pH and 

■ ► ■• 

to provide buffering capacity. 

In addition to an accelerator, the accelerator composition may further include a 
performance enhancing adjuvant. The performance enhancing adjuvant may include at least one 
of a buffer, a surfactant, a thickener, a film forming ingredient, a penetration enhancer, and 
desensitizing agent. 1 

A buffer may be added to the accelerator composition to stabilize the pH of the 
composition in storage and prior to use, and to increase the pH stability of the oxidizing 
compound at the tooth surface during the tooth whitening procedure. The buffer of the present 
invention may include any biologically or pharmaceutical^ acceptable buffer capable of 
stabilizing the pH of the composition during use in a range from about 6.0 to about 12.0. Suitable 
buffers may include but are not limited to glycine, glycine salts, ammonium phosphate, sodium 
phosphate, disodium phosphate, trisodium phosphate, potassium phosphate, dipotessium 
phosphate, tripotassium phosphate, ammonium phosphate, diammonium phosphate, ammonium 
citrate, diammonium citrate, sodium acid pyrophosphate, tetrasodium pyrophosphate, 
tetrapotsssium pyrophosphate, sodium trimetaphosphate, sodium bicarbonate, potassium 
bicarbonate, sodium acetate, boric acid salts, lactic acid salts, fumaric acid salts, and succinic 
acid salts. 

In one embodiment, glycine is utilized as the buffer. Unlike most other buffering 
compounds, which are capable of stabilizing pH in only one pH range, glycine has two pH 
buffering or stabilizing regions. Fig. 5 illustrates the change in pH after addition of acidic pH 
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adjusting agent or an alkaline pH adjusting agent to glycine; As shown in Fig. 5, glycine exhibits 
excellent buffering action between pH 1 .5 to 3.0 and between pH 9.0 to 1 3.0. 

The concentration of the pH adjusting agent and buffer will depend on what is necessary ( 
to maintain a pH between about 6.0 and about 12.0 because the peroxide decomposes more 
rapidly the higher the pH, although the optimal pH may be between 7.8 and 9.0. 

Further, the performance enhancing adjuvant of the present invention may optionally 
include one or more surfactants (surface active agents). Surfactants may be used to lower the 
surface tension of the compositions. Lowering of the surface tension allows for better wetting 
and spreading of the composition on the tooth surface. Some surfactants, such as zwitterionic 
and fluorinated surfactants, have been seen to increase the penetration of the present inventive 
compositions into the tooth structure. Useful surfactants include those identified in U.S. Pat. No. 
5,279,816 and U.S. Pat. No. 5,302,375 each incorporated herein by reference in its entirety. 
Zwitterionic surfactants have positive and negative charges that significantly improve 
penetration of peroxide into the tooth. It is to be understood that additional useful surfactants 
will become apparent to those skilled in the art based upon the disclosure herein. The level of 
surfactant, when present, is from about 0.001% to about 10.0% by weight of the accelerator 
composition, and preferably from about 0.1% to about 1% by weight of the accelerator 
composition. 

A thickener may also be added to the accelerator composition as a performance 
enhancing adjuvant to increase the contact time of the accelerator on the tooth surface. In one 
embodiment, the thickener provides coating properties for the accelerator by forming a film 
when applied to the teeth. Thickeners such as neutralized carboxypolymethylene and other 
polyacrylic acid polymers and copolymers, hydroxypropylcellulose and other cellulose ethers, 
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salts of poly(methyl vinyl ether-co-maleic anhydride), polyvinyl pyuolidone (PVP), 
poly(vinylpyrrolidone-co-vinyl acetate), silicon dioxide, fumed silica, stearic acid esters, and 
others are found to have utility in the formulation of the oxidizing compositions and tooth 
whitening accelerator compositions. Polymers utilized as thickeners may also serve as film- 
forming agents that provide for even distribution of the accelerator composition over the tooth 
surface.. It is to be understood that additional useful thickeners will become apparent to those 
skilled in the art based upon the disclosure herein. 

The level of thickener, when present, is highly dependent upon the type chosen, but in 
general is included in the composition at a concentration of fron? about 0.1 °/o to about 20.0 % by. 
weight of the composition, and preferably at a concentration of from about 0.1% to about 5% by 
weight of the accelerator composition. 

A penetration enhancer may also serve as a performance enhancing adjuvant in the 
present invention. As used herein, "penetration enhancer" shall be inclusive of all enhancers that 
increase the flux of a permeant, agent, or other molecule across the tooth or mucosal surface and 
is limited only by functionality. In other words, all cell envelope disordering compounds, 
solvents, steroidal detergents, bile salts, chelators, surfactants, non-surfactants, fatty acids, and 
any other chemical enhancement agents are intended to be included. Suitable solvents include 
water; diols, such as propylene glycol and glycerol; glycerine; mono- alcohols, such as ethanol, 
propanol, and higher alcohols; DMSO; dimethylformamide; N,N-dimethylacetamide; 2- 
pyrrolidone; N-(2-hydroxyethyl) pyrrolidone, N-methylpyrrolidone, 1 -dodecylazacycloheptan-2- 
one and other n-substituted alkyl-azacycloalkyl-2-ones (azones) and the like. As used herein, 
"bile salts" means steroidal detergents that are the natural or synthetic salts of cholanic acid, e.g. 
the salts of cholic and deoxycholic acid or combinations of such salts, and the unionized acid 
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form is also included. Bile salt analogs having the same physical characteristics and that also 
function as permeation enhancers are also included in this definition. 

The desensitizing agent of the compositions of the present invention may include 
potassium nitrate or a fluoride compound, for example. In one embodiment, the desensitizing 
agent includes sodium fluoride. The level of desensitizing agent, when present, is included in the 
composition at a concentration of from about 0.1 % to about 5.0 % by weight of the composition, 
and preferably at a concentration of from about 0. 1 % to about 1 .0% by weight of the 
composition. 

In addition to a performance enhancing adjuvant, the accelerator composition and/or the 
oxidizing composition may further include a carrier. Any carrier known in the art may also be 
included in the oxidizing composition and/or accelerator composition of the present invention. 
In one embodiment, the accelerator composition includes water as a carrier in an amount of from 
about 60.0% to about 99.99% by weight of the composition. More particularly, water may 
comprise from about 70.0% to about 95.0% by weight of the accelerator composition. 

Flavorants may also be included in the accelerator composition in order to improve 
payability and acceptance by the patient. Flavorants are generally known in the art and include, 
among others, spearmint, peppermint, anethole, menthol, citrus flavors, and vanilla. It may be 
desirable to provide within the composition an artificial sweetener selected from the group of 
sodium saccharin and potassium acesulfame. Sugars and sugar alcohols, such as sucrose, 
fructose, glucose, xylitol, maltitol, mannitol, sorbitol, and other mono-, di-, tri-, and higher 
monosaccharides may be used as sweeteners. For example, glycine may also serve as a 
sweetener and has the ability to mellow saltiness and bitterness of the pH adjusting agent. Both 
flavorants and sweeteners, when present, are each included at a level of from about 0.01% to 
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about 5.0% by weight of the composition. Other artificial sweeteners are contemplated to have • 
utility in the practice of the present invention, limited only by their solubility and stability in the 
compositions. 

• • • 

In one embodiment, the accelerator composition is a composition comprising water, 
glycine, PVP, and potassium hydroxide. PVP is a thickener and adhesion-promoting agent that 
provides a sufficient thickness of film on the tooth surface in order to deliver a sufficient amount 
of the alkaline pH adjusting agent to raise the pH higher when the interface forms between the \ 
accelerator film and the oxidizing compound. 

Other ingredients may also be added to the compositions of the present invention such as 
pyrophosphate salts, peroxide stabilizers, soluble and insoluble calcium compounds disclosed in 
U.S. Pat. No. 5,279,816 and U.S. Pat. No. 5,302,375. In addition, antimicrobial compounds may 
also be added to the compositions of the present invention in amounts sufficient to have an 
antimicrobial effect. 

Table 1 provides several different embodiments of the accelerator compositions of the 
present invention. Formulation 4 below describes a composition useful for normalizing the level 
of metal-ligand photosensitizer at the tooth surface prior to placement of an oxidizing agent and 
subsequent exposure to light. 
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A light-activated tooth whitening method, in accordance with one embodiment of the 
invention, includes contacting the tooth enamel surface of a patient with a tooth whitening 
composition comprising an oxidizing compound and an accelerator, and, thereafter, exposing the 
tooth surface to light energy. Alternatively, a method of whitening teeth includes contacting the 
tooth enamel surface of a patient with an accelerator composition, then sequentially contacting 
the treated tooth surface with an oxidizing composition, and, thereafter, exposing the tooth 
surface to light energy. In a preferred embodiment, the light energy is capable of activating the 
oxidizing compounds at the tooth enamel surface. The preferred wavelengths of light in this 
embodiment include those between about 350 and about 700 nanometers, a more preferred 
embodiment include those between about 380 and about 550 nanometers with the most preferred 
wavelengths being between about 400 and about 505 nanometers. In yet another embodiment, a 
method of whitening teeth includes contacting the tooth enamel surface of a patient with an 
oxidizing composition, then sequentially contacting the treated tooth surface with an accelerator 
composition, and, thereafter, exposing the tooth surface to light energy. 
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Various modes of application of the inventive tooth whitening compositions are effective. 
Methods that allow for the accumulation or concentration of the photosensitizer within the 
acquired pellicle, enamel, and dentin (the three tooth structure primarily associated with the 
majority of tooth staining) are one of the preferred embodiments. This may be 'accomplished by 
contacting the stained tooth surface with the photosensitizer prior to contacting the same stained 
tooth surface with the oxidizing composition. In this way, the photosensitizer is able to penetrate 
into the tooth structure, thus being present at the site of the tooth chromogen(s) prior to contact 
with the oxidizing composition and prior to exposure to the actinic radiation source. 

As such, one embodiment of the light- activated tooth wfiitening method of the present 
invention, includes contacting the tooth enamel surface with an accelerator composition 
comprising a photosensitive agent, then contacting the photosensitizer-treated tooth surface with 
the oxidizing compound, and, thereafter, exposing the tooth surface to light energy that activates 
the oxidizing compounds at the tooth enamel surface. 

Another light-activated tooth whitening method, in accordance with another embodiment 
of the invention includes contacting the tooth enamel surface with tooth whitening composition 
comprising an oxidizing compound and a photosensitizer precursor, whereby said precursor is 
seen to absorb actinic radiation in the range of 350 to 750 nm only after contact with said tooth 
surface. Once the photosensitizer precursor becomes light absorbent, the tooth surface is exposed 
to light energy capable of activating the now absorbent photosensitizer, which in turn activates 
the oxidizing compound at the tooth surface to whiten the tooth. 

A further light-activated tooth whitening method, in accordance with another 
embodiment of the invention includes contacting the tooth enamel surface with an oxidizing 
compound and thereafter exposing said tooth enamel surface to actinic radiation corresponding 
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to a tooth chromogen molecule absorption wavelength. The preferred wavelengths of light in this 
embodiment include those between about 350 and about 700 nanometers, a more preferred 
embodiment include those between about 380 and about 550 nanometers with the most preferred 
wavelengths being between about 400 and about 505 nanometers. As in all of the methods 
described above, the oxidizing composition must be transparent to the actinic radiation utilized in 
order to allow the wavelength-specific light energy to reach the tooth surface and underlying 
structure. 

Yet another light-activated tooth whitening method, in accordance with another 
embodiment of the invention includes contacting the tooth enamel surface with a peroxyacid 
precursor prior to contacting said tooth enamel surface with an oxidizing compound and 
subsequently exposing to actinic radiation as described above. The peroxyacid precursor may be 
placed on the tooth surface together with or separately from a photosensitizer. 

Stained teeth may be treated individually, for instance, by directing the light to a single 
tooth surface by means of a fiber optic light guide. In this manner, several stained teeth are 
exposed to light in sequence, the dentist or hygienist moving the light guide from tooth to tooth 
during the procedure. Alternatively, all of the stained teeth may be exposed to light 
simultaneously either by direct illumination from a light source shaped substantially like the 
dental arch or by indirect illumination from a light guide or device that is capable of illuminating 
all of the front teeth at once. 

One such device for the simultaneous and uniform illumination of at least eight central 
teeth in both the upper and lower arches is illustrated in FIG. 1. This preferred embodiment has 
three linear optical outputs 11, 12, and 13 precisely positioned on three front (patient facing) 
surfaces 1,2, and 3. In a more preferred six bar embodiment, two three bar devices are stacked 



28 



PROPRIETARY 



one on the other resulting in six optical outputs on the front patient facing surfaces as illustrated 
in FIG. 2. 

Although FIGS. 1 and 2 illustrate embodiments having 3 outputs and 6 outputs, 
respectively, it is contemplated that the device may have any number of outputs or emitters, from 
one to a high multiple of outputs. Each output consisting of an individual fiber or fiber bundle 
that ultimately is connected to a light source. Embodiments having 3 or 6 outputs may achieve 
fairly uniform illumination of the eight or more central teeth without excessive manufacturing 
problems or costs. More than six outputs, of course are feasible and may in fact be beneficial in 
terms of uniformity of illumination. , 

The front surfaces of the device are positioned to give an output configuration such that 
the combined beams from each optical output converge to illuminate at least the eight central 
teeth in both the upper and lower arches or the area from the incisors to the first pre-molars in 
each half arch, a total area of about 10.4 cm 2 in the average male. Although depicted in FIG. 1 as 
linear in form, these outputs may be of any shape, e.g., circular, triangular or linear. Linear forms 
are preferred. The preferred embodiments have six linear outputs, each output having a length to 
width ratio of about 16±20%--i.e., ratios of 12.8 to 19.2. In the most preferred embodiment, 
80% of the light projected from the outputs onto the 8 upper and lower central teeth is within an 
area between about 0.9 and about 1 .5 inches wide, the approximate distance from the top of the 
enamel of the top teeth to the bottom of the enamel of the bottom teeth. Each optical output 
preferably is connected to a distal light source by two glass or plastic fiber optic bundles which 
originate at the distal light source, enter the device through a socket 20 and terminate at the 
trifurcated linear output window. Non-uniformity in fiber transmission is generally observed to 
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be minor in the absence of actual breaks in the fibers. Variation in optical output from point to 

point at the surface of each output or emitter should be no more than about +1 0%. 

A number of different sources of actinic radiation have been shown to have utility in the 

practice of the present invention. In general, any light source capable of emitting actinic radiation 

in the wavelength range necessary to activate either the inventive photosensitizef(s) or the 

oxidizing compound or otherwise raise the energy state of tooth chromogens, is contemplated to 

have utility in the practice of this invention. In particular, light sources capable of emitting 

actinic radiation that is both biologically safe and effective are preferred, especially those sources 

which emit limited amounts of infrared light (700 nm and above). Infrared light more readily 

penetrates the tooth structure and may cause an excessive temperature rise in pulpal tissue. In 

one embodiment, light sources (combined with filters) emitting only those wavelengths 

i 

necessary for the activation of the inventive photosensitizer and/or the activation of a tooth stain 
chromophores are used in the process of whitening teeth with the inventive compositions. It is 
generally accepted that a pulpal temperature rise of more than 5.5° C for a significant period of 
time can be irreversibly damaging to the tooth structure. 

Light sources which emit actinic radiation in the wavelength range from about 350 
nanometers to about 700 nanometers may be used, in that both the photosensitizers and the 
oxidizing compound described herein and the tooth chromogen molecules responsible for tooth 
staining absorb primarily in this region of the spectrum. Particularly, light sources which emit 
actinic radiation in the wavelength ranges from about 400 and about 505 nanometers may be 
used. Output uniformity should be about + 1 0% over the area of the beam once transmitted 
through a glass or plastic fiber to the optical output which may be placed in front of a patient's 
teeth. Although there are no limitations on the input and length dimensions of such a fiber, one 
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of about 1 0 millimeters in diameter and 3 meters in length is preferred. Such energy may be 
provided by a source which generates a continuous electromagnetic spectrum filtered to the 
preferred wavelengths with a variation of no more than about +10%, or by a source which 
generates an emission line spectrum, or a combination of both. Suitable lamps which emit 
actinic radiation in the preferred range of wavelengths include linear flash lamps', tungsten 
halogen, metal halide, Xenon short arc, Mercury short arc, Mercury Xenon short arc, Argon 
plasma arc, and Argon short arc lamps, among others. The output of two Mejiro BMH 250 watt v 
metal halide lamps filtered through dichroic filters to between about 400 and 505 nanometers 
meet these criteria, for example. 

A preferred light source is a plasma arc lamp. The most preferred light sources are the 
BriteSmile 2000™ and BriteSmile 3000™ light sources, plasma arc lamps. The BriteSmile 
2000™ is an integrated light source and delivery system in which a fixed light delivery head 
delivers energy efficient light of selected wavelengths to the teeth. The light from the lamp is 
conducted via a fiber optic cable to the delivery head that positions and distributes the light to 
obtain a maximum efficiency at the work site. The BriteSmile 2000™ light source comprises a 
lamp module, control panel, delivery system, and a support structure. The BriteSmile 3000™ 
light source has a mobile support structure and a key card system for its access. 

The lamp module, of both the BriteSmile 2000™ and BriteSmile 3000™, comprise 
one or more metal halide lamps with integrated power supplies. In a preferred embodiment, the 
output is filtered to provide an efficient source of visible blue light in the 400-550 ran range. In a 
more preferred embodiment, light is filtered to be in the 400-505 nm range. 

The control panel of the BriteSmile 2000™ and BriteSmile 3000™ comprise a 
membrane switch to activate and set parameters and an alphanumeric display with visual and 
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audio indicators to communicate information to an operator. The delivery system may comprise 
a flexible arm with an integrated optical fiber delivery system and a light delivery head which is 
permanently mounted to a support structure. The support structure provides the mounting 
structure for the lamp modules, control panel, and light delivery system. The support structure of ' 
the BriteSmile 2000™ al so provides a self-contained water system and a site for hookups to 

centralized air and suction. 

Other light sources are described in United States Patent No. 6,4 1 6,3 1 9 and United 
States Provisional Patent Application Serial No. 60/158,499 which are herein incorporated by 
reference. Any tooth whitening method can be used in the method of the invention, so long as 
the effectiveness is sufficiently good to provide for substantial tooth whitening in less than about 
120 minutes. Preferred tooth whitening procedures are capable of substantially whitening a 
client's teeth in less than 120 minutes, more preferred tooth whitening procedures are capable of 
substantially whitening a client's teeth in less than about 90 minutes, and most preferred tooth 
whitening procedures are capable of substantially whitening a client's teeth in less than about 60 
minutes. Thus, any composition and/or procedure for whitening teeth can be used in the tooth 
whitening modules of the invention provided that substantial whitening of each client's teeth is 
achieved in less than about 1 20 minutes. 

- Whether illumination of the stained teeth is performed individually or as a whole, the 
light emerging from a direct or indirect source may be continuous Con" the entire procedure), 
interrupted continuous (primary "on" with short rest interruptions), pulsed ("on" and "off" in a 
predetermined timed sequence and intensity), or a combination of continuous, interrupted 
continuous and pulse. In one embodiment from about 10 to about 200 milliWatt/cm 2 of light is 
applied continuously to the front surface of the teeth for a total period of time from about 10 to 
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about 90 minutes. In another embodiment from about 100 to about 160 milliWatt/cm 2 of light is , 
applied continuously or continuously with short interruptions to the front surface of the teeth for 
a period of time from about 10 minutes to about 30 minutes followed by an interruption or "off* 
period of about 1 to 10 minutes, with the cycle repeated for a total time of approximately 40-60 
minutes. In one embodiment, the oxidizing compound is first applied to the tooth enamel surface 
for a period of 20 minutes of light activation. The oxidizing compound is then aspirated or 
suctioned off the teeth and the accelerator composition is applied to the tooth enamel surface 
followed by application of the oxidizing compound for another 20 minute period of light 
activation. The accelerator composition and the oxidizing compound are then aspirated or 
suctioned off and step two is repeated for a total of three 20 minute periods. In one envisioned 
embodiment of the invention a feed-back mechanism based on reflectance would be used to 

» 

monitor bleaching efficiency and regulate the total amount of actinic radiation applied. In all 
embodiments of the invention the positioning of the light source affects the energy density 
applied to the teeth as power density decreases with distance. The preferred placement of the 
light source will vary depending on the precise nature of the device. For the device described 
above, the preferred distance for placement of the device is from directly in front of the surface 
of the teeth up to about 2.0 inches in front of the surface of the teeth (when measured from the 
middle of the light source" to the central tooth). In another embodiment, the light source is placed 
inside the oral cavity either in direct contact with the teeth or slightly spaced therefrom. 

Other pre-treatment and post-treatment steps may also accompany the inventive methods 
of the present invention. For example, a barrier material may be applied to the gingival area of 
the gums prior to application of the oxidizing compound and accelerator. 

One embodiment of the present invention includes each of the following steps: 
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(1) A barrier material to protect the gums from the oxidizing agent (supplied by 
BriteSmile, Inc., Walnut Creek, CA) is first applied to the upper first and second premolar 
gingival area starting at the gum line and tooth junction (actually contacting the enamel) and then 
cured for three seconds. The barrier material should be thick enough so that no pink gingival 
tissue is exposed. For every inch of isolation coverage, a standard curing light may be be used 
for no more than three seconds per any given spot to solidify the barrier material. The 
application of the barrier material is continued over the entire upper arch and then repeated for * 
the lower arch. 

(2) A masking cream (supplied by BriteSmile, Inc., Walnut Creek, CA) is then applied on 
both arches to any exposed lip areas and other mucosal tissue and on the outside of the cheek 
retractor to protect any exposed areas from excess illumination. 

(3) The oxidizing composition is applied to the teeth 1 to 2 mm thick and any excess 
saliva is suctioned if necessary. The light source is positioned in front of the patient's teeth and 
activated for a period of approximately 20 minutes. After 20 minutes, the light source is 
removed from the patient's teeth and the oxidizing composition is suctioned from the patient's 
teeth. 

(4) Prior to a second application of the oxidizing composition, an accelerator composition 
is swabbed onto the teeth to thoroughly moisten all tooth surfaces with a thin film of the 
accelerator composition from the swab. 

(5) The second application of the oxidizing composition and any additional masking 
cream, as needed, are applied in the manner provided above. The light source is repositioned 
and activated for another approximately 20 minutes. After 20 minutes, the light source is 
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removed from the patient's teeth and the oxidizing composition and the accelerator composition 
are suctioned from the patient's teeth, i 

(6) Step 4 with a second application of the accelerator composition is repeated. 

(7) The third application of the oxidizing composition is applied in the manner provided 
above. The light source is repositioned and activated for another approximately 20 minutes. 
After 20 minutes, the light source is removed from the patient's teeth and the oxidizing 
composition and the accelerator composition are suctioned from the patient's teeth. v 

(8) Once the procedure is finished, excess materials are removed from the patient, for 
example, cotton rolls, isolation material, optic positioner, excess barrier material, and cheek 
retractors. The teeth are then flushed thoroughly with water. 

(9) If the patient experienced any discomfort during the treatment, or in the case of a 
young adult client, a neutral sodium fluoride treatment utilizing.a white foam or clear neutral 
sodium fluoride may be administered. 

Young adult patients may require only two 20-minute sessions to achieve their natural 
whiteness. Further, after the second session, the patient's teeth may be checked to determine if 
the third session is necessary. 

Trays containing all of the components necessary to perform a single tooth whitening 
method may be prepared in advance (pre-pack) or just prior to the procedure: Some or all of the 
components may be disposable. In one embodiment, the tooth whitening trays comprise the 
following components: sterilizer bag, fiber-optic positioner, pre- whitening toothbrush, pre- 
whitening tooth paste, cheek retractor, oral napkin, syringe tips, examination/screening mirror, 
dental explorer, headrest cover, aspirator tip, client (patient) bib, saliva ejector, syringe tip cover, 
cotton rolls, gingival isolation material, mucosal isolation material (sunblock), accelerator 
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composition and oxidizing composition. The accelerator composition and oxidizing composition , 
may be stored separately from the pre-pack components. In a preferred embodiment of the 
invention, all of the tray materials are disposable and the tray materials are disposed of after use. 

The following examples set forth preferred embodiments of the invention. These 
embodiments are merely illustrative and are not intended to, and should not be construed to, limit 
the claimed invention in any way. 
EXAMPLE 1 

In order to determine the ability of the inventive compositions to eliminate tooth stain, a 
preliminary in vitro study on stained bovine enamel was performed. Squares of dental enamel 4 
mm on a side were cut, using a diamond-cutting disk, from bovine permanent incisors. Using a 
mold, the enamel squares were embedded in clear polyester casting resin (NTCOL Crafts Inc., 
Redlands, Calif.) to provide 1 .5 cm square blocks with the labial surface exposed. The top 
surface of the polyester blocks was ground flush with the leveled labial surface of the enamel 
squares by means of a dental model trimmer. The surface was then smoothed by hand sanding on 
400-grit emery paper using water as the lubricant until all grinding marks were removed. Finally, 
the top surface of the blocks was hand polished to a mirror finish using a water slurry of GK1072 
calcined kaolin (median particle size=l .2 microns) on a cotton cloth. The finished specimens 
~ were examined under a dissectinglnicroscdpe and wereHiscarded if they had surface 
imperfections. 

In preparation for the formation of artificial stained pellicle on the enamel, the specimens 
were etched for 60 seconds in 0.2M HC1 followed by a 30-second immersion in a saturated 
solution of sodium carbonate. A final etch was performed with 1% phytic acid for 60 seconds, 
then the specimens were rinsed with deionized water and attached to the staining apparatus. 
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The pellicle staining apparatus "was constructed to provide alternate immersion into the, 
staining broth and air-drying of the specimens. The apparatus consisted of an aluminum platform ♦ 
base which supported a Teflon rod (3/4 inch in diameter) connected to an electric motor, which 
by means of a speed reduction box, rotated the rod at a constant rate of 1 .5 rpm. Threaded screw 
holes were spaced at regular intervals along the length of the rod. The tooth specimens were 
attached to the rod by first gluing the head of a plastic screw to the back of a specimen. The 
screw is then tightened within a screw hole in the rod. Beneath the rod was a removable, 300-ml v 
capacity trough, which held the pellicle, staining broth. 

The pellicle staining broth was prepared by adding 1 .02 grams of instant coffee, 1 .02 
grams of instant tea, and 0.75 grams of gastric mucin (Nutritional Biochemicals Corp., Cleveland 
Ohio 44 128) to 250 ml of sterilized trypticase soy broth. Approximately 50 ml of a 24-hour 
Micrococcus luteus culture was also added to the stain broth. The apparatus, with the enamel 
specimens attached and the staining broth in the trough was then placed in an incubator at 370°C 
with the specimens rotating continuously through the staining broth and air. The staining broth 
was replaced once every 24 hours for ten consecutive days. With each broth change the trough 
and specimens were rinsed and brushed with deioni2ed water to remove any loose deposits. On 
the eleventh day the staining broth as modified by the addition of 0.03 grams of FeCly6H20, and 
this was continued with daily broth changes until the stained pellicle film on the specimens was 
sufficiently dark. Then the specimens were removed from the staining broth, brushed thoroughly 
with deionized water, and refrigerated in a humidor until used. 

Absorbance measurements over the entire visible spectrum were obtained using the 
CIELAB color scale (Commission International de L'Eclairage, Recommendations on uniform 
color spaces, color difference equations, and psychometric color terms, Supplement 2 to CIE 
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publication 15 (E-13.1) 1971 (TC-1.3), 1978, Paris: Beaurea Central de la CIE, 1978). The 
CIELAB color scale evaluates color in terms of three axes of a color sphere, called L, a, and b. 
The "L" value is the axis in the color sphere which relates lightness and darkness on a scale from 
0 (black) to 100 (white). The "a" value is the axis which relates color on a yellow to blue scale, 
with a 0 value in the center of the sphere, positive values toward the yellow, and negative yellow 
toward the blue. The "b" value is the axis which relates color on a red to green scale, with a 0 
value in the center of the sphere, positive values toward the red, and negative values toward the v 
green. 

The stained enamel specimens were allowed to air-dry at room temperature for at least 
one hour before absorbance measurements were made. Measurements were conducted by 
aligning the center of a 4-mm square segment of stained enamel directly over the 3-mm aperture 
of the Minolta spectrophotometer. An average of 3 absorbance readings using the L*a*b* factors 
were taken for each specimen. 

The difference between the pre-treatment (baseline) and post-treatment readings for each 
color factor (L*, a*, and b*) represented the ability of a test solution to eliminate chromogens 
from the stained teeth. 

The overall change in color of stained pellicle was calculated using the CIELAB equation 
- AE « [(AL*) 2 + (Aa*) 2 + (Ab*) 2 ] m 

A "Corrected AE" value was calculated by eliminating from the above formulation the 
contribution of any positive Aa or Ab values (positive Aa and Ab values are changes in tooth 
color in the opposite direction from zero, and hence construed to add color, rather than remove 

h). 
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The following oxidizing composition was prepared, which contained approximately 15% , 
by weight hydrogen peroxide and 1 percent by weight of the photosensitizer precursor 1- 
hydroxyethylidene-l,l-diphosphonic acid (Dequest 2010, Monsanto Corp., St. Louis, Mo.). 
Highly purified water (1 8.2 megaohm, filtered through a 0.2 micron filter) was utilized in order 
to maintain good stability of the composition during storage. The composition was thickened 
with a carboxypolymethylene polymer (Carbopol 974P, B. F. Goodrich Co., Cleveland, Ohio) to 
the consistency of a light, non-runny gel. Glycerin was added in a small percentage as a 
humectant and stabilizer (as a free radical scavenger), and the Carbopol 947P was neutralized to 
a pH of 5.00 with ammonium hydroxide, resulting in the formation of a transparent and 
thixotropic gel. 
Formulation 12 



Ingredient 


Percentage 


Distilled water 


49.400 


1 -hydroxyethylidene-1 ,1 -diphosphonic acid 


1.000 


Glycerin 99.7% 


5.000 


Hydrogen peroxide 35% 


42.900 


Carbopol 9?4P 


1.700 


Ammonium hydroxide 29% 


to pH 5.5 


TOTAL 


100.000 



The above composition was prepared in a plastic mixing chamber by combining, under 
agitation with a Teflon-coated mixing paddle until a clear solution was obtained, the distilled 
water, the 1-hydroxyethylidene- 1,1 -diphosphonic acid, and the glycerin. The Carbopol 974P was 
then sifted slowly into the vortex created by the mixing paddle and allowed to mix until a 
homogeneous slurry of the polymer was obtained. Finally, the ammonium hydroxide was added 
in a constant, dropwise fashion over a period of about 5 minutes until thickening and clarification 
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of the slurry occurred. A pH probe was inserted periodically and the ammonium hydroxide 
addition proceeded until a pH of exactly 5.00 was obtained. The resulting gel contained 15% by 
weight hydrogen peroxide, and was highly transparent and thixotropic (non-slumping) in 
character. 

Each stained bovine enamel slab was coated with a 1-2 mm film of the composition in 
Formula 12 above for a specified period of time and exposed to actinic radiation from one of 
several light sources. Table 2 below shows some comparative results obtained by exposing gel- 1 
treated enamel slabs to either Argon plasma arc (AR) or tungsten halogen (TH) light sources. 
This particular protocol called for the fiber optic light guide to be placed 5 mm from the surface 
of the enamel during light exposures. The energy of each pulse was adjusted with a power 
density meter prior to each exposure regimen and measured again after each regimen to verify 
consistent output of the light source over the duration of the test. The results are listed in Table 2 
below: 
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TABLE 2 



Bpvine 
Tooth* 


Light Source 

■ r ■■ 


Total Gel 
Contact Time 


Number of 
Pulses 


Energy/Pulse 
(Joules) 


Corrected 
Delta E* 


B311 


None 


30 mm 


0 


A AA 

0.00 


12.76 . 


B388 


AR 


None 


30 


1 .66 


1.41 


B277 


AR 


30 min 


30 


1.66 


29.28 


B214 


AR 


30 min 


30 


3.35 


29.75 


B283 


AR 


10 min 


10 


3.29 


18.62 


B147 


AR 


10 min 


10 


4.90 


25.98 \ 


B401 


AR 


10 min 


30 


4.97 


32.18 


B2-11 


— AR 


S-min 


15 


4.84 


20.05 


B213 


AR 


5 min 


30 


• 4.93 


31.02 


B35 


TH 

AAA 


5 min 


15 


1 29 


12.88 


B35 


TH 


5 min 


15 


1.29 


19.39 


B35 


TH 


5 min 


15 


1.29 


20.01 


B35 


TH 


5 min 


15 


1.29 


23.61 


B35 


TH 


5 min 


15 


1.29 


25.35 


B35 


TH 


5 min 


15 


1.29 


26.41 

• 



* Elimination of positive Aa arid Ab values from calculation 



The data in Table 2 demonstrates that: 

(1) In the in vitro model described, exposure of bovine enamel slabs, contacted with the 
inventive gel composition above, to pulsed actinic radiation from a Argon plasma arc light 
source resulted in significantly reduced tooth stain as compared to slabs treated either with just 
gel alone (and not exposed to the light source) or light source exposure only (no gel). 

(2) Six sequential treatments (over 30 minutes) of a single stained bovine enamel slab 
(B35) with gel and concurrent exposure of said slab to pulsed actinic radiation from a tungsten 
halogen light source (5 minute exposure periods) resulted in an increasing level of tooth stain 
removal over the period of the test. The result was significantly lighter in color than that 
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achieved in tooth number B31 1 , which was also in contact with the inventive gel composition, 
but did not get exposed to a light source. 
EXAMPLE II 

A comparative study of light transmission through various light and/or heat activated 
tooth whitening gels was undertaken. Spectral energy curves were generated using an Ocean 
Optics spectrometer with a 50 micron fiber for gather emission data. Light transmission through 
a glass microscope slide was used as a control and the test consisted of coating the slide with a 1- 
2 mm thick layer of each tooth whitening gel and illuminating with a metal halide light source 
connected to an 8 mm glass fiber optic light guide. The light was filtered through a 505 nm short 
pass filter (only wavelengths less than 505 nm pass through) prior to entering the light guide. 
The spectrometer's fiber optic probe was placed against the opposite side of the slide from the 
gel in order to detect the wavelengths of light allowed to pass through the gel on the slide. The 
spectral curves of FIGS. 4 A-E clearly demonstrate the degree of light attenuation caused by all 
of the commercially available compositions: FIG. 4A-Control; FIG. 4B-Jnventive Example I; 
FIG. 4C-Shofu Hi-Lite; FIG. 4D-QuasarBrite; FIG. E-Opalescence Xtra. 

The attenuation of power density, measured in m W/cm 2 , was determined for the same 
four compositions by again placing a 1-2 mm layer of each gel or paste on a glass microscope 
slide and placing the slide/gel assembly in the path between the light source and the detector well 
of the power density meter. Due to the depth and shade of the detector well, the slide was 7 mm 
above the actual detector surface, rather than directly in contact with it. The power density was 
recorded at the beginning (B) and at the end of a 60 minute light exposure (E). The power 
density without slide or gel in the light path was adjusted to 1 75 mW/cm 2 . The results are shown 
in Table 3 below. 
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TABLE 3 



Composition U.S. Pat. No. Energy Density 



(ra W/cm.sup.2) 


Control (slide only) 




165 


Example 1 (B) + (E) 




160 


& So Shofu Hi-Lite (B) 


5,032,178 


25 


Shofu Hi-Lite (E) 


5,032,178. 


50 


QuasarBrite (B) 


5,240,415 


110 


QuasarBrite (E) 


5,249,415 


111 


Opalescence Xtra (B) 


5,785,527 


65 


Opalescence Xtra (E) 


- 5,785,527- 


94 



EXAMPLE HI 

Another transparent hydrogen peroxide gel was prepared that had a lower concentration 
of oxidizer (3% by weight of H 2 0 2 ), but at a pH of 7.0 and a much higher viscosity 
(approximately 1,000,000 cps). The gel below was prepared in accordance with the procedure in 
Example I, except that a Kynar coated Ross Double Planetary vacuum mixer (Charles Ross & 
Sons, Hauppauge, N.Y.) was used to handle the elevated viscosity achieved during and after 
neutralization with the ammonium hydroxide. Sodium stannate was added as an additional 
stabilizer for the hydrogen peroxide. 
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Formulation 13 



Ingredient Percentage , 

Distilled water 81.010 

Glycerin 99.7% 5.000 

l-hydroxyethylidene-l,l-diphosphonicacid 0.400 

Sodium stannate 0.015 

Hydrogen peroxide 35% 8.570 

Carbopol 974P 5.000 

Ammonium hydroxide 29% to pH 7.0 

TOTAL 100.000 



The ability of the 3% hydrogen peroxide gel, transparent to visible light between the 
wavelengths of 380 and 700 nanometers, is demonstrated in Table 4 below. 



TABLE 4 



Bovine 
Tooth U 


Oxidizing 
Gel 


Time 
Period 


Light 
Source 


Wavelength 
Range (nm) 


Pulses/ 
Period 


Power 

Density 

(m\V/cm2) 


Energy/ 

Pulse 

(Joules) 


Delta 
E* 


B388 


Example 11 


5 min 


AR 


380-505 


15 




4.84 


19.67 


B388 


Example II 


5 min 


AR 


380-505 


15 




4.84 


29.43 


B388 


Example U 


5 min 


AR 


380-505 


15 




4.84 


32.74 


B365 


Example II 


5 min 


None 




0 




0 


3.41 


B365 


Example II 


5 min 


None 




0 




0 


4.23 


B365 


Example II 


5 min 


None 




0 




0 


5.78 


B365 


Example 11 


5 min 


AR 


380-505 


15 




4.84 


23.49 


B365 


Example 11 


5 min 


AR 


380-505 


15 




4.84 


3027 


B367 


Example I 


30 min 


TH 


400-520 


Contin- 
uous 


250 




3226 



♦Elimination of positive Aa and Ab values from -calculation. 



EXAMPLE IV 

Extracted human teeth (HE) that were non-carious and free of amalgam or resin-based 
restorative materials were utilized to study the ability of the inventive compositions to eliminate 
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the strains from human enamel and dentin. The teeth were coated with a 1-2 mm thick film of ah 
oxidizing gel and irradiated according to the regimens shown in Table 5 below. The resulting 
change in tooth color (A Shades) was recorded as the number of VITA® shade difference 
between the original baseline VITA® shade value and the final VITA® shade value. 

TABLE 5 



Tooth 


Gel 


Light 


Exposure 


PtriseS/ 


joules/ 


shad* 


Shade 


A Shade 


u 

Tt 






Timp 

(min) 


Minute 

l ' J III u I w 


Pulse 


(Initial) 


(Final) 




HE2 


Example I 


AR 


30 


1 


4.84 


B4 


C2 


6 


HE3 


Example 1 


AR 


30 


1 


4.84 


A4 


A3.5 


3 


HE4 


Example 1 


AR 


30 


] 


4.84 


A3 


B2 


6 


HE5 


Example ] 


AR 


30 


1 


4.84 


B3 


D4 


3 


HE6 


Example I 


AR 


30 


I 


4.84 


B3 


B2 


8 


HE7 


Example 1 


AR 


30 


1 


4.84 


A3 


Al 


7 


HE8 


Example 1 


AR 


30 


1 


4.84 


A3.5 


A2 


7 


HE9 


Example 1 


AR 


30 


! 


4.84 


A3 


Al 


7 


HE10 


Example 1 


AR 


30 


j 


4.84 


A4 


A3.5 


6 


HE11 


Example I 


AR 


30 


! 


4.84 


A3.5 


A2 


7 


HEI2 


Example I 


AR 


30 


2 


4.84 


A3.5 


A2 


7 


HE13 


Example I 


AR 


30 


2 


4.84 


B3 


B2 


8 


HEM 


Examplel 


AR 


30 


2 


4.84 


A3.5 


B2 


9 


HE 15 


Example I 


AR 


30 


2 


4.84 


A4 


Al 


13 


HE16 


Example I 


AR 


30 


2 


4.84 


B4 


Bl 


12 


HE17 


Example I 


AR 


30 




1.64 


A3 


A2 


A 


HE! 8 


Example 1 


AR 


30 




1.64 


B4 


B2 


10 


HE19 


Example I 


AR 


30 




1.64 


C4 


D3 


6 


HE20 


Example 1 


AR 


30 




1.64 


B3 


A2 


6 


HE21 


Example I 


AR 


30 




1.64 


B3 


B2 


8 


HE22 


Example I 


No light 


30 


0 


0 


B3 


A2 


2 


HE23 


Example I 


No light 


30 


0 


0 


A3 


A2 


4 


HE24 


Example 1 


No light 


30 


0 


0 


B3 


D4 


3 


HE25 


Example 1 


No light 


30 


0 


0 


D3 


B2 


7 
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TVknfti 

j ooin 
# 




T Ip hi 
Source 


I i, A. U Uo U J ^ 

Time 
(min) 


Pulses/ 
Minute 


Joules/ 
Pulse 


Shade 
(Initial) 


Shade: 
(FinaO 


A Shade 

■• 


HE2* 


Exarhpte 1 


No light 


30 


0 


0 


B3 


A2 


6 


HE27 


Example I 


Tungsten 
Halogen 


60 


Continuous 


250 

mW/cm 2 


B3 


Al 


9 



EXAMPLE V 

Human extracted teeth were whitened as follows by applying a 1-2 mm thick film of gel 
on the enamel surface and exposing the same surface to varying power densities from a metal 
halide~light source with~a~5 05 nm short pass internal filter. Comparisons were done to two 
controls, one of which was Gel exposure only (no light) and light exposure only (no Gel). 



Exposure regimens, consisting of gel application (except in the case of light only/no Gel), 
followed by 20 minutes of continuous light exposure, were repeated three times (3 x 20 minutes). 

TABLE 6 



Tooth 
# 


Gel 


tight 
Source 


Power 
Density 
(mW/cm 1 ) 


Filter 


Test 
Duration 


Initial 
Shade 


Final 
Shade 


A Shade 


HE101 


Example 1 


MH 


250 


505 


3x20 min 


A3.5 


Al 


7 


HE102 


Example 1 


MH 


250 


505 


3x20 min 


B4 


A2 


8 


HE103 


Example 1 


MH 


175 


505 


3x20 min 


A3 


B1+ 


8 


HE104 


Example I 


MH 


175 


505 


3x20 min 


A4 


B2 


12 


HE105 


Example I 


MH 


175 


505 


3x20 min 


B3 


B2 


8 


HE106 


Example I 


MH 


175 


505 


3x20 min 


A3 


B1+ 


8 


HE107 


Example I 


MH 


175 


505 


3x20 min 


A4 


A2 


10 


HE108 


Example I 


No light 






3x20 min 


A3.5 


A3 


3 


HE109 


Example I 


No light 






3x20 min 


A4 


D3 


5 


HE110 


Example 1 


No light 






3x20 min 


A3.5 


A3.5 


0 


HE111 


Example I 


No light 






3x20 min 


A4 


A3 


6 


HE112 


Example 1 


No l ight 






3x20 min 


A4 


A33 


3 


HE113 


None 


MH 


175 


505 


3x20 min 


A3 


A3 


0 
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Tooth 
U 


Gel 


Light 
Source 


Power 
Density 
(mW/cm 2 ) 


Filter 


Test 
Duration 


Initial 
Shade 

i 


Final 
Shade 


A Shadis 


HE114 


None 


MH 


175 


505 


3x20 min 


A4 


A4 


0 


HE115 


"None 


MH 


175 


505 


3x20 min 


A3.5 


A3 


3 . . 


HI116 


None 


MH 


175 


505 


3x20 min 


B3- 




1 

0 



EXAMPLE VI 

A pulpal chamber of an endo-tooth in a cooperative and informed patient was wired using\ 
a thermal probe and thermo-conducting paste. Pulpal temperatures were measuring during an 
actual whitening procedure, in which the illumination was supplied using the currently available 
Union Broach Illuminator and the device described in the instant application used at the most 
preferred wavelengths of 400 to 505 nanometers. Measurements of the energy densities at the 
tooth surface showed comparable energy densities for each device (230 milliwatts/cm 2 for the 
Union Broach Illuminator and 200 milliwatts/cm 2 for the device described in the instant . 
application, respectively). The results are shown below in Table 7. 

Illumination using the device described in the instant application in the preferred 
wavelength range from about 400 to 505 nanometers raised pulpal chamber temperature less than 
did the Union Broach device. In this experiment, temperatures rose to a maximum by twenty 
minutes and were then stable. In contrast to the temperature rise seen with the Union Broach 
device, at no time did the temperature using the device disclosed in the instant application rise 
above the 5.5° C which could result in thermally induced pulpitis if maintained for a significant 
period of time. The temperature changes seen are likely to be greater than those seen with vital 
teeth as endo-teeth have no blood supply to provide additional cooling. 
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TABLE 7 



temperature Risefdeg.C from ambient) 



Time (min.) 


Union Broach 


BriteSmile 2000 


5 


A 


2.9 


10 


8 


4.5 


15 


9 


S3 


20 


9 


42 


25 


9.5 


4.5 


30 


9 


A3 



EXAMPLE VII 

In order to determine whether increases in the efficacy df light activated whitening 
system may be accomplished without increasing the concentration of hydrogen peroxide, an 
accelerator composition was applied to a patient's teeth just prior to second and third 
applications of the oxidizing compound (15% hydrogen peroxide, pH 6.5) to a patient's teeth. 
The accelerator composition utilized was a slightly viscous liquid comprising deionized water, 
an alkaline pH-adjusting agent (potassium hydroxide), a thickener/film former (PVP), and a 
buffering agent (glycine). The overall pH of the accelerator liquid as applied to the tooth surface 
was approximately 9.8. 

Just prior to the second and third oxidizing compound treatment steps, the accelerator 
composition was applied to the teeth with a pre- wetted, unit-dosed swab device. The tooth 
surface was "primed" with the accelerator composition just prior to the placement of the 
oxidizing composition for the second and third 20-minute cycles. 

Prior to treatment, patients were screened using normal methods that are standard at 
BriteSmile; Inc. centers and 100 patients A3 arid darker were selected for the enhanced 
treatment Pre- and post-treatment shades were taken using the classic VITA® PAN shade guide 
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ordered in value mode according to the manufacturers instructions. An experienced dental staff 

at the center that has conducted thousands of whitening procedures recorded the before and after 

shade values. 

The results of the procedure are as follows: 

Average Pre-treat shade 11.5 (+7-2.3) 

Average Final shade 2.3 (+/-1.7) 

Average Shade change 9.3 

Average success factor 1 91% 

FIG. 6 shows a histogram of the pre-treatment shades (bars A3 and darker) vs. the post* 

—treatment shades (bars CI and lighter) for-this clinical sample. The clean separation was 

apparent. One of the important measures of whitening success was moving the patient to the top 

of the whitening scale. A "whitening success factor" may be defined as the percent of the 

maximum possible change between the starting shade and whitest shade (Bl). 

Whitening success factor (expressed as a %) = 

(Starting shade - Final shade)/ (Starting shade - 1) 
The "success factor" measures the average percentage of the distance from the starting shade to 
Bl that was achieved. 

FIG. 7 shows the whitening success factors for each of the nine starting shades. The 
average success factor in the total sample was 91%. By comparison 96% of whitening cases in 
this survey that started at D3 or lighter achieved a success factor or 100% as a final result; that is, 
the endpoint was Bl . This also suggests that the general success rate for achieving Bl for 
starting shades D3 or lighter should be very high. 

Laboratory studies indicated that the increased efficacy observed in this methodology 
resulted from the increased pH at the interface between the oxidizing compound and the tooth 
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surface due to application of the accelerator composition. The application of an accelerator 
composition prior to applying an oxidizing compound to the tooth enamel surface as measured in , 
a sample of 1 00 cases treated recently at the Walnut Creek whitening center resulted in an 
average shade change of 9.3 shades as measured on the standard VITA® PAN'shade scale 
ordered in value mode as suggested by the manufacturer. The average case achieved a whitening 
effect ("whitening success factor") representing 91% of the difference between the starting shade 
and the top of the VITA® PAN shade guide. Significantly, 96% of starting shades D3 and \ 
lighter ended at Bl. 

Upon reading the subject application, various alternative constructions and embodiments 
will become obvious to those skilled in the art. These variations are to be considered within the 
scope and spirit of the subject invention. The subject invention is only to be limited by the claims 
which follow and their equivalents. 
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CLAIMS 

What is claimed is: 

1. A method of tooth whitening, comprising: 

contacting a tooth surface of a patient with a tooth whitening composition having a pH 
between about 6.0 and about 12.0, wherein the tooth whitening composition comprises an 
oxidizing compound and an accelerator; and 

exposing the tooth surface to light energy. 

2. The method of claim 1, wherein the oxidizing compound is selected from the 
group consisting of hydrogen peroxide, carbamide peroxide, alkali metal peroxides, alkali metal 
percarbonates, and alkali metal perborates. 

3. The method of claim 1 , wherein the oxidizing compound comprises at least one of 
a peroxyacid compound or a peroxyacid precursor. 

4. The method of claim 3, wherein the peroxyacid precursor is selected from the 
group consisting of glyceryl triacetate, acetylated amino acids, acetylsalicylic acid, and 
NjN^N'-tetraacetyl ethylenediamine, vinyl acetate polymers and copolymers, acetylcholine, 
and other biologically acceptable acetylated compounds. 

5. The method of claim 1 , wherein the accelerator comprises an alkaline pH 
adjusting agent 

6. The method of claim 5, wherein the alkaline pH adjusting agent is selected from 
the group consisting of sodium hydroxide, potassium hydroxide, ammonium hydroxide, sodium 
carbonate, potassium carbonate, sodium phosphate di- and tri-basic, potassium phosphate di- and 
tri-basic, sodium tripolyphosphate, tris(hydroxymethyl)aminomethane, triethanolamine, and 
polyethylenimine. 
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7. The method of claim 1 , wherein the tooth whitening composition further 
comprises a thickener. 

8. The method of claim 7, wherein the thickener is selected from the group 
consisting of carboxypolymethylene, polyacrylic acid polymers and copolymers, 
hydroxypropylcellulose, cellulose ethers, salts of poly(methyl vinyl ether-co-maleic anhydride), 
polyvinyl pyrrolidone, poly(vinylpyrrolidone-co-vinyl acetate), silicon dioxide, filmed silica, and 
stearic acid esters. 

9. The method of claim 5, wherein the accelerator further comprises a buffer. 

10. The method of claim 9, wherein the buffer comprises gylcine. 

1 1 . The method of claim 5, wherein the accelerator further comprises a surfactant 

1 2. The method of claim 1 1 , wherein the surfactant comprises a zwitterionic 
surfactant. 

13. The method of claim 1 1 , wherein the surfactant comprises glycine. 

14. A method of tooth whitening, comprising: 

contacting a tooth surface of a patient with an accelerator composition having a pH 
between about 6.0 and about 12.0; 

sequentially contacting the accelerator-treated tooth surface with an oxidizing 
composition; and 

thereafter exposing the tooth surface to light energy. 

15. The method of claim 14, wherein the oxidizing composition comprises an 
oxidizing compound. 
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] 6. The method of claim 1 5, wherein the oxidizing compound is selected from the 

t 

group consisting of hydrogen peroxide, carbamide peroxide, alkali metal peroxides, alkali metal 
percarbonates, and alkali metal perborates. 

17. The method of claim 15, wherein the oxidizing compound comprises at least one 
of a peroxyacid compound or a peroxyacid precursor. 

18. The method of claim 1 7, wherein the peroxyacid precursor is selected from the 
group consisting of glyceryl triacetate, acetylated amino acids, acetylsalicylic acid, and 
N^l^NMetraacetyl ethylenediamine, vinyl acetate polymers and copolymers, acetylcholine, 
and other biologically acceptable acetylated compounds. 

19. The method of claim 1 5, wherein the accelerator composition comprises an 
alkaline pH adjusting agent. 

20. The method of claim 19, wherein the alkaline pH adjusting agent is selected from 
the group consisting of sodium hydroxide, potassium hydroxide, ammonium hydroxide, sodium 
carbonate, potassium carbonate, sodium phosphate di- and tri-basic, potassium phosphate di- and 
tri-basic, sodium tripolyphosphate, tris(hydroxymethyl)aminomethane, triethanolamine, and 
polyethylenimine. 

21. The method of claim 14, wherein at least one of the accelerator composition and 
the oxidizing composition comprise a thickener. 

22. The method of claim 21, wherein the thickener is selected from the group 
consisting of carboxypolymethylene, polyacrylic acid polymers and copolymers, 
hydroxypropylcellulose, cellulose ethers, salts of poly(methyl vinyl ether-co-maleic anhydride), 
polyvinyl pyrrolidone, poly(vinylpyrrolidone-co-vinyl acetate), silicon dioxide, fumed silica, and 
stearic acid esters. 
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23. The method of claim 19, wherein the accelerator composition farther comprises a 
buffer. 

24. The method of claim 23, wherein the buffer comprises gylcine. 

• i 

25. The method of claim 23, wherein the accelerator composition comprises 
potassium hydroxide and glycine. 

26. The method of claim 1 9, wherein the accelerator composition further comprises a 
surfactant. 

27. The method of claim 26, wherein the surfactant comprises a zwitterionic 
surfactant. %m 

28. The method of claim 27, wherein the surfactant comprises glycine. 

29. The method of claim 14, wherein the accelerator composition comprises a 
photosensitive agent. 

30. The method of claim 29, wherein the photosensitive agent comprises a mfetal- 
ligand complex that absorbs light in the range of from about 350 nm to about 700 nm. 

31 . The method of claim 30, wherein the metal-ligand complex comprises ferrous 
chloride. 

32. The method of claim 29, wherein the photosensitive agent comprises a chelator. 

33. The method of claim 32, wherein the chelator is selected from the group 
consisting of ethylenediamine tetraacetic acid, diethylenetriamine pentaacetic acid, 
nitrilotriacetic acid, 1 -hydroxyethylidene-1 ,1 -diphosphonic acid, ethylenediamine 
tetra(methylenephosphonic acid), and diethylenetriamine penta(methylenephosphonic acid),. 
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34. The method of claim 29, wherein the photosensitive agent is selected from the group 
consisting of sorbitol, xylitol, mannitol, maltitol, lactitol and other non-carboxylated 
polyhydroxy compounds 

35. The method of claim 29, wherein the photosensitive agent comprises 1- 
hydroxyethylidene-l,l-diphosphonic acid and ferrous chloride. 

36. The method of claim 1 9, wherein the accelerator composition further comprises a 
photosensitive agent. 

37. The method of claim 1 5, wherein the oxidizing compound is present in an amount 
of from about 1 .0 % to about 40.0% by weight of the oxidizing composition. 

38. The method of claim 1 5, wherein the oxidizing compound is present in an amount 
of from about 1 0.0 % to about 20.0% by weight of the oxidizing composition. 

39. The method of claim 1 5, wherein the oxidizing compound is present in an amount 
of from about 20.0 % to about 30.0% by weight of the oxidizing composition. 

40. The method of claim 1 5, wherein the oxidizing compound is present in an amount 
of from about 30.0 % to about 40.0% by weight of the oxidizing composition. 

41 . The method of claim 1 9, wherein the alkaline pH adjusting agent is present in an 
amount of from about 0.1 % to about 90.0 % by weight of the accelerator composition. 

42. The method of claim 19, wherein the alkaline pH adjusting agent is present in an 
amount of from about 1.0% to about 20.0 % by weight of the accelerator composition. 

43 . The method of claim 1 9, wherein the alkaline pH adjusting agent is present in an 
amount of from about 1 .0 % to about 1 0.0 % by weight of the accelerator composition. 
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44. The method of claim 1 4, wherein the oxidizing composition comprises hydrogen 
peroxide and wherein the accelerator composition comprises potassium hydroxide, glycine, 

r 

polyvinyl pyrrolidone, and water. 

45. The method of claim 14, wherein the oxidizing composition comprises hydrogen 
peroxide and wherein the accelerator composition comprises l-hydroxyethyliderie-1,1- 
diphosphonic acid, ferrous chloride, and water. 

46. A composition for accelerating whitening teeth, comprising: \ 
an alkaline pH adjusting agent; 

an aqueous carrier; and 

at least one performance enhancing adjuvant. 

47. The composition of claim 46, wherein the alkaline pH adjusting agent is selected 

* 

from the group consisting of sodium hydroxide, potassium hydroxide, ammonium hydroxide, 
sodium carbonate, potassium carbonate, sodium phosphate di- and tri-basic, potassium phosphate 
di- and tri-basic, sodium tripolyphosphate, tris(hydroxymethyl)aminomethane, triethanolamine, 
and polyethylenimine. 

48. The composition of claim 46, wherein the at least one performance enhancing 
adjuvant is selected from the group consisting of a buffer, a surfactant, a thickener, a film- 
forming ingredient, a penetration enhancer, and a desensitizing agent. 
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ABSTRACT 

The tooth whitening compositions of the present invention include an oxidizing 
compound and an accelerator. The oxidizing compound and the accelerator may be administered 
in the same or different composition. The present invention farther relates to a method of 
whitening teeth includes contacting the tooth enamel surface of a patient with composition 
comprising an oxidizing compound and an accelerator, and, thereafter, exposing the tooth 
surface to light energy. Alternatively, a method of whitening teeth includes contacting the tooth v 
enamel surface of a patient with an accelerator, then contacting the treated tooth surface with the 
oxidizing compound, and, thereafter, exposing the tooth surface to light energy. 
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FIG. 6 



Chart 1 

Pre- and Post Treatment Shades 
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FIG. 7 



Chart 2 

Average Success Factor for Starting Shades 
(% to B1) 
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